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Food-Gathering Behaviour of Honey, Bumble, and Leaf-Cutter Bees 
(Hymenoptera: Apoidea) in Alberta’ 


By G. A. Hosss?, W. O. Num’, ann J. F. Virostex® 


Research Station 
Canada Department of Agriculture, Lethbridge, Alberta 


In the prairie region of Western Canada certain species of bumble bees are 
the principal pollinators of red clover, Trifolium pratense L. (Hobbs, 1957). 
Certain bumble and leaf-cutter bees are the only effective pollinators of alfalfa, 
Uedicago sativa L., in Western Canada (Hobbs and Lilly, 1954; Hobbs, 1956; 
Peck and Bolton, 1946; Stephen, 1955). Vadesanauly, bumble and leaf-cutter 
bees are seldom very abundant. 

One means of increasing the densities of the indigenous pollinators on the 
above crops is to isolate the crops from competing flowering growth. This 
requires knowledge of the flower preferences of the bees. In the past, work on 
flower preference has been largely subjective (Hobbs and Lilly, 1954; Peck and 
Bolton, 1946; Stephen, 1955), although Hobbs (1957) has quantitativ ely assessed 
attractiveness of red clover and alfalfa to the prairie species of bumble and 
leaf-cutter bees, and to honey bees. 

This is a report on experiments conducted in the prairie region of southern 
Alberta on the attractiveness of several cultivated legumes to the indigenous and 
to some non-indigenous species of bees. The bees were given equal opportunity 
to obtain food from red clover, alsike clover (Trifolium bybridum L.), a mixture 
of white sweetclover (Melilotus alba Desr.) and yellow sweetclover (M. officinalis 
(L.) Lam.), and alfalfa, the principal hay and pasture legumes grown for seed 
in Western Canada. ‘The experiments were supplemented with data from surv eys 
of bees on legume seed fields and surrounding flora in the bush (principally 
Populus tremuloides Michx.) country of the Peace River region of northern 
Alberta and British Columbia. Also, the food preferences were related to the 
lengths of the proboscises of the bees. 


Methods 


Latin squares containing La Salle red clover, alsike clover, a mixture of 
yellow and white sweetclover, and a mixture of Grimm and Ladak alfalfa were 
established at two localities. One was in the valley of the Oldman River near 
Lethbridge. It was broadcast-seeded in 1957 in plots 52 feet square and separated 
by 14-foot fallow strips (Fig. 1). Although this field was isolated from com- 
peting cultivated crops, it was in an area where there were large amounts of 
volunteer sweetclover and alfalfa. It was used only in 1958. The other one 
was established near Scandia, and was situated on range land where there was 
little plant competition (Fig. 2). Here, the four legumes were transplanted in 
the spring of 1958 into plots consisting of three 60-foot rows with three feet 
spaces between rows and between plants within rows. The plots were separated 
by 10-foot strips of unbroken prairie. The alsike clover and the red clover 
winterkilled, and the two crops were re-established with transplants in the spring 
of 1959 to allow repetition of the experiment at this site. 


1Contribution from the Entomology Section. 
2Entomologist, Assistant Technician. 
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Fig. 1. Setting of the latin square containing red clover, alsike clover, sweetclover, and 
alfalfa in the Oldman River valley near Lethbridge, Alberta. 


In 1958 the alsike and red clover began to bloom about 14 days earlier than 
the sweetclover and alfalfa on the plots near Lethbridge. All crops bloomed 
late in the field near Scandia in 1958, all of the alfalfa and one plot of sweetclover 
being the last to bloom. In 1959 the alsike and red clover bloomed about three 
weeks later than the sweetclover and alfalfa as a result of having been transplanted. 

Whenever bees were counted, the sex and whether or not they were 
gathering pollen were recorded. Eleven counts were made on the plots near 
Lethbridge; on the plots near Scandia, 13 were made in 1958 and 51 in 1959. The 
observer walked slowly around the square plots or through the narrow plots, 
stopping to identify and to observe whenever a bee was seen or heard. The 
sweetclover in the square plots grew so high and so rank that it was impossible 
to observe on it as accurately as on the other crops. 





Fig. 2. Setting of the latin square containing red clover, alsike clover, sweetclover, and 
alfalfa beside the Bow River near Scandia, Alberta. 
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To supplement the indigenous populations of bumble bees and to obtain 
non-indigenous species for the studies in 1959, artificial domiciles were placed, 
in the early spring, along fence lines on the prairie, in fallow back-yard gardens, 
and around copses of trembling aspen in the foothills of the Rocky Mountains 

70 miles west of Lethbridge. The domiciles that were accepted by bees were 

transferred at night to the latin square near Scandia. Three colonies of Bombus 
rufocinctus Cress., one of B. rufocinctus, var. albertensis Ck\l., four of B. huntii 
Greene, one of B. occidentalis occidentalis Greene, two of B. fervidus (F.), and 
one of B. appositus Cress. were placed beside the experimental field. The queen 
of B. appositus was destroyed by Physocephala texana (Will.) (Diptera: Cono- 
pidae), which is an internal abdominal parasite, before its first brood had emerged. 
The cocoons, which contained pupae, were punctured by the thief ant, Solenopsis 
molesta (Say); hence, no data on the food preferences of the workers of this 
species were obtained. One of the queens of B. fervidus was also destroyed by 
the abdominal parasite, and only the initial brood of six or seven w orkers was 
produced. The queen of B. occidentalis was destroyed by Psithyrus suckleyi 
(Greene) (Hymenoptera: Apidae). The first and second broods of this bee 
reared a group of males and females of P. suckleyi. 

A survey of the pollinators of legume seed crops in the Peace River region 
was carried out by the senior author and Mr. P. Pankiw, Apiculturist, Experi- 
mental Farm, Canada Department of Agriculture, Beaverlodge, Alberta, during 
the first two weeks of August, 1959. Collections were made or numbers of the 
various species were counted on legume seed fields and on adjacent competing 
growth to determine food preferences. 

The proboscises of the sexes of the various species of bees observed, and 
of series of workers and males of B. terrestris L. from Bremen, Germany, were 
compared by measuring the labial parts (prementum and labial palpi), which 
form part of the sucking tube. Approximately thé same measurements would 
have been obtained if the maxillary parts (stripes and galea) had been measured. 
The glossa was not considered as it was distended or contracted according to 
whether the bee was gathering nectar or pollen at the time it was captured and 
killed. The series of specimens measured were obtained from collections made 
in the Peace River region or from the laboratory collection. After the bees 
were softened in a relaxing chamber, the proboscises were pulled forward be- 
tween the mandibles and unfolded if necessary. Measurements were made to the 
nearest half millimetre. Body lengths were also measured. 


Results and Discussion 
Food Preferences of Leaf-Cutter Bees 

In 1958, few leaf-cutter bees were recorded from either latin square. All 
individuals of the log-nesting species Megachile frigida frigida Sm. observed on 
the plots near Lethbridge and all those of the prairie-inhabiting species M. peri- 
hirta Ckll. and M. dentitarsus Sladen on the plots near Scandia were observed 
on the alfalfa. In 1959, M. peribirta and M. dentitarsus were again found only 
on the alfalfa on the plots near Scandia. The peak numbers obtained per sample, 
41 of M. peribirta and 28 of M. dentitarsus, were about 16 and six times as great, 
respectively, as in 1958. 

The only other leaf-cutter bee that was seen often enough during the experi- 
ments and surveys to warrant attention was M. melanophaea Sm. The few 
females of this species recorded from the latin squares were seen on alfalfa, alsike, 
and sweetclover. The first generation normally obtains food from native species 
of legumes that flower before the cultivated ‘legume forage crops. However, 
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what was thought to be the second generation was seen on alfalfa much more 
often than on all other crops in the Peace River region during the first two weeks 
of August, 1959. Because it is more likely than M. perihirta or M. dentitarsus to 
visit some other plant than alfalfa and because its flight period is not as well 
synchronized with the flowering period of alfalfa as are those of the other two 
species, M. melanophaea is usually of much less use as a pollinator of alfalfa in 
Alberta. 


Food Preferences of Honey Bees 

Honey bees, Apis mellifera L., probably preferred sweetclover to alsike to 
alfalfa to red clover (Fig. 3). Although more honey bees were recorded from 
alsike than from sweetclover on the | ethbridge and Scandia plots in 1958, sweet- 
clover was probably the more attractive source of food: First, at Scandia in 
1958, honey bees were present in consistently greater numbers on sweetclover 
than on alsike so long as considerable bloom ‘remained on the sweetclover. As 
the bloom on the sweetclover declined, numbers of honey bees rose on both the 
alsike and the alfalfa. Second, at Lethbridge, the area surrounding the plots con- 
tained much sweetclover but no alsike; many of the bees that otherwise might 
have visited the sweetclover in the plots probably visited the sweetclover else- 
where. Finally, counts on the sweetclover were probably low estimates as the 
bees were much harder to see than they were on the other crops, especially on 
the square plots near Lethbridge. 


On the plots near Scandia, more honey bees were attracted to the alfalfa 
than to the red clover in both years (Fig. 3). On the plots near Lethbridge, 
fewer were seen on alfalfa but nearby volunteer alfalfa probably attracted many 
of the nectar-collecting honey bees that otherwise might have visited the alfalfa 
in the plots. 


Densities of honey bees were much higher in the experimental field near 
Scandia in 1959 than in 1958. When densities were high the percentage of 
honey bees visiting red clover was greater than when they were low. In 1959, 
honey bees were the second most numerous species on red clover. 


Almost all of the honey bees observed on sweetclover, alsike, and red clover 
had pollen in their corbiculae, whereas none of those on alfalfa were carrying 
pollen. Presumably they were also gathering nectar from the sweetclover and 
the alsike, as Parker (1926) has shown these plants, to be important nectar sources. 
Those on red clover were probably also trying to gather nectar but it was not 
likely that they were obtaining very much (Hobbs, 1957; Parker, 1926; Forster 
and Hadfield, 1958). 


It is noteworthy that in 1959 the honey bees continued to forage the earlier- 
flowering, yellow sweetclover for some days after the white sweetclover began 
to bloom, though they had to fly over w hite bloom to forage on the yellow. 


Food Preferences of Bumble Bees 

Workers of B. nevadensis nevadensis Cress., B. fervidus, and B. borealis Kby. 
greatly preferred red clover to the three other legumes in the latin squares near 
Scandia (Fig. 4) whereas workers of B. huntii, B. rufocinctus, and B. occidentalis 
greatly preferred sweetclover to the three other legumes. Alsike was the second 
choice of the workers at Scandia in 1958. Alsike was visited much less by all 
bees in 1959, probably because it bloomed late as a result of transplanting. "Red 
clover was the second choice of the workers of B. buntii and B. rufocinctus in 
1959, but only 10 and 44 per cent of the B. huntii and B. rufocinctus workers, 
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Fig. 4. Total numbers of workers of four species of Bombus on each of the four legumes 
in the lat:n square near Scandia, 1958 and 1959. 


respectively, were counted before August 5, after which time little bloom 
remained on the sweetclover; hence, red clover became a major source of food 
only after sweet clover ceased to bloom. Numbers of workers of B. buntii and 
B. rufocinctus on the plots near Scandia were much fewer in 1959 than were 
those of B. fervidus, though four colonies each of B. huntii and B. rufocinctus and 
only two weak colonies of, B. fervidus had been placed beside the experimental 
field. This indicated that\ workers of B. fervidus from natural nests on the 
prairie must have been coming to the flowers in the plots whereas many of the 
workers of B. buntii and B. rufoc inctus were going elsewhere for food, probably 
to native Compositae, even though the plots were only a few yards from their 
nests. In counts of overwintered queens on early -flow ering plants in the area 
next to the experimental field, 92 queens of B. huntii were seen by June + as 
compared with 13 of B. fervidus. Hence, it is unlikely that the surrounding area 
contained more workers of B. fervidus than of B. buntii. 


The only bumble bee that preferred alfalfa to alsike was B. occidentalis 
(Fig. 4). The few workers that comprised the brood of the colony after the 
queen had been killed by P. suckleyi were seen only on sweetclover and alfalfa; 
approximately 26 per cent were on alfalfa. During an experiment that was 
terminated on July 22 and for which counts of leaf-cutter bees were made on 
the alfalfa in the plots of the latin square 18 times a day on alternate days for 
three weeks, the few workers of B. occidentalis from the queenless nest were seen 
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more often than were the workers of all other species combined. Bohart (1957) 
listed alfalfa as a preferred source of pollen by B. oc cidentalis. 

On the plots near Lethbridge, workers of B.. fervidus also greatly preferred 
red clover to all others, but a curve depicting activity throughout the sampling 
period was bi-modal with a depression at mid-season, probably indicating that 
workers of this species did not fly over the volunteer alfalfa or sw eetclover or 
over native food sources like the long- -tubed wild bergamot, Monarda fistulosa L., 
to obtain food from red clover. Workers of B. buntii and B. rufocinctus greatly 
preferred sweetclover to all others on the plots near Lethbridge; activity was 
greatly reduced throughout the flowering period of the volunteer sweetclover. 

Queens and males of B. nevadensis, B. fervidus, and B. borealis greatly pre- 
ferred red clover, the food source preferred by their workers. The males of 
B. fervidus visited red clover even more consistently than did the workers. The 
single queen of B. appositus was found only on red clover on the plots near 
Scandia in 1959, though it was also seen on a nearby patch of wild licorice, 
Glycyrrhiza lepidota (Nutt.) Pursh, a native legume with a long corolla tube. 
Queens of B. huntii also greatly preferred red clover but the males preferred 
sweetclover and alsike, the food sources preferred by the workers. So few 
queens of the late-emerging species B. rufocinctus were counted on the latin 
squares that no inferences could be made concerning their preferences. 

In the Peace River region B. auricomis (Robt.), a close relative of B. 
nevadensis, was not seen on an alfalfa field half a mile from a red clover field, 
whereas it was abundant on the red clover field; also, many more of this species 
were seen on large-flowered wild vetch, Vicia sp., among rape, Brassica sp., than 
on nearby alfalfa. Collections and counts of workers and males of B. terricola 
Kby., a close relative of B. occidentalis, and of workers of B. ternarius Kby. on 
volunteer alfalfa and sweetclover growing in the same area indicated no pre- 
ference for either food source. Workers of the above two species were seen 
to collect pollen from alfalfa much more often than those of any other species 
of bumble bee except B. occidentalis. Stephen (1955) stated that B. terricola 
was the only bumble bee in Manitoba that preferred alfalfa to red clover or 
alsike; he also stated that, of the other species, only B. ternarius showed any 
inclination to work alfalfa and that this was so only in areas where competing 
bloom was scarce. No data concerning competition between sweetclover and 
alfalfa have been published for these species. B. californicus F. Smith, a close 
relative of B. fervidus, was found only on red clover that was growing near 
alfalfa, alsike, and sweetclover; on long-tubed Indian paintbrush, Castilleja sp., 
that was growing near alfalfa; goldenrod, Solidago sp., and fireweed, Epilobium 
angustifolium L. 

At Christina Lake, B.C., where red clover and alfalfa were growing side by 
side and where workers and males of B. vagans vagans F. Smith and B. occidentalis 
were the principal pollinating species, B. occidentalis was found only on alfalfa 
whereas B. vagans was common on both. 


Relation of Length of Proboscis to Food Preference 

The lengths of the proboscises of series of workers, males, and queens are 
shown in Fig. 5. The food preferences of the species and sexes are also indicated. 
Some of the bees were collected at about the same time and place on the same 
food plant (e.g., B. ternarius workers); others were collected at different times 
and places on various food plants (e.g., B. occidentalis workers). Generally, the 
greater the diversity in time, place, and food plant, the wider was the range of 
the length of the proboscis. As it is difficult to distinguish between a queen 
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Species a. a Mean and range of length of proboscis, 

Sex examined and first and second food choices 
M. melanophaea | ? 10 1! Palfalfa, ?alsike 
M. frigida 2 10 SR alfalfa ) 
A. mellifera ¥ 7 Co sweet clover, alsike ) 
M. perihirta 9 10 ac alfalfa | 
B. rufocinctus 4 19 TJ sweet clover, alsike | 
M. dentitarsus Q 6 | alfalfa 
B. terricola ¥ 10 = = ?sweet clover, alfalfa | 

J 8 i ?sweet clover, alfalfa 
B. ternarius ¥ 9 tT) ?sweet clover, alfalfa 
B. occidentalis ¥ 16 = 2 sweet clover, alfalfa 
é 10 a VV ?sweet clover, alfalfa 
B. terrestris g iP ane et ?sweet clover, ?alfalfa 
c 6 eee ?sweet clover, 7alfalfa 
B. huntii ¥ 13 I I } sweet clover, alsike 
B. rufocinetus @ 10 Cd ? 
B. terricola g 11 = ? 
B. occidentalis ? 11 ? CH 
B. ternarius ? 4 ? = 
B. californicus | ¥ 10 red clover, ?alsike [ _] J 
B. borealis ¥ 10 red clover, alsike mS 
8. vagons 3 8 red clover, ?alsike =e 
B. fervidus o 4 red clover, alsike | _] 
B. auricomis ¥ 17 red clover, alsike aes ROE 
B. huntii ? 4 red clover, alsike i 
B. vagans g 5 red clover, ?alsike CO 
B. fervidus 3 4 red clover, alsike Tt] 
B. auricomis g 2 red clover, ?alsike Cc] 
B. nevadensis 3 13 red clover, ?alsike [ | ] 
B. borealis e 3 red clover, ?alsike CT) 
B. appositus ¥ 2 ?red clover, ?alsike om 
B. fervidus ? 14 red clover, alsike | cae a 
B. californicus 2 9 red clover, ?alsike ae 
B. nevadensis e 8 red clover, alsike re 
| | | | T + if | 
4 5 6 7 8 9 10 11 
MILLIMETRES 
Fig. 5. Relation of length of proboscis to food preference of honey, bumble, and le:f- 
cutter bees. , mean , range. 
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and a worker of B. nevadensis, the range among the workers may have been 
inadvertently widened by the inclusion of queens. 


Within a sex, the length of the proboscis is probably related to the size of 
the individual (Graenicher, 1910), and the size depends on the amount and 
quality of food given to the bee as a larva. However, correlation coefficients 
between length of proboscis and size (length) of bee were not highly significant 
probably because length was not a good criterion of size; the specimens examined 
may have been long or short according to whether they died with the abdominal 
intersegmental membranes relaxed or contracted. Among the workers, the only 
exception to the rule “the larger the species the longer the proboscis” was B. 
vagans; though the worker is of the same mean length as that of B. occidentalis, 
its proboscis averaged 2.3 mm. longer. 


Among the bumble bees whose food preferences were determined on the 
latin squares, those that preferred red clover had proboscises that averaged at 
least 7 mm. long; those that preferred sweetclover, less than 7 mm. long (Fig. 5). 
All made alsike their second choice except the workers of B. occidentalis, whose 
second choice was alfalfa. As the workers of B. terricola, B. terrestris, and B. 
ternarius had proboscises of about the same length as B. occidentalis, and as these 
species are noted as pollinators of alfalfa, it is probable that they also prefer sweet 
clover to alfalfa, and alfalfa to alsike. All four are bush-inhabiting species that 
prefer to nest underground (Bohart, 1957; Sladen, 1912). The workers of B. 
huntii, which made alsike their second choice, had proboscises that averaged 
slightly longer than those of B. occidentalis. Perhaps because of its proboscis 
length, which is intermediate between the lengths of those that prefer red clover 
and those that prefer sweetclover, it is not as restricted in its nectar sources as 
are the species with shorter or longer proboscises. 


Throughout the sampling on the latin squares, the males preferred the same 
flowers as the workers. The mean lengths of the proboscises of the males 
measured were similar to those of the workers, except that the proboscis of the 
B. fervidus male averaged 1 mm. shorter than that of the worker. These results 
disagree with Knuth’s (1906) generalization that the proboscis of the male bumble 
bee was 1-2 mm. shorter than that of the worker, and that the male was therefore 
limited to flowers with shorter corolla tubes than was the worker. 


Hence, if one were able to obtain the nectar preferences of each member 
of a colony of bumble bees that had been given equal opportunity to obtain 
nectar from a number of species of flowers with corolla tubes of different lengths, 
he would probably find that differences in preference were closely associated 
with proboscis length. 

The proboscises of the leaf-cutter bees that were found only on alfalfa in 
the latin squares, M. frigida, M. perihirta, and M. dentitarsus, were of about the 
same lengths as those of the workers of B. rufocinctus and A. mellifera, which 
prefer sweetclover (Fig. 5). Because the structure of the alfalfa flower differs 
from that of sweetclover, alsike, or red clover in that its sexual column is held 
under tension by the fused petals of the keel, another variable besides that of 
the length of the corolla tube must be considered. The tripping mechanism 
apparently does not deter the leaf-cutters from pushing into the throat of the 
flower to obtain nectar as it does honey bees and some bumble bees. When 
the flower is tripped and the keel pushed down, the nectar is probably as acces- 
sible as in the shorter-tubed flowers of sweetclover and alsike. M. melanophaea 
was not found on alfalfa so consistently as the above species of Megachile. This 
may have been due partly to the fact that its flight period is not as well syn- 
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chronized with the blooming period of alfalfa as are those of the above species 
and partly because it is a smaller bee with a slightly shorter proboscis (Fig. 5). 


Summary 


When given equal opportunity to obtain food from red clover, alsike clover, 
sweetclover, and alfalfa, Megachile frigida, M. peribirta, and M. dentitarsus 
visited only alfalfa. Apis mellifera preferred, in descending order, sweetclover, 
alsike, alfalfa, and red clover. The workers of Bombus huntii and B. rufocinctus 
greatly preferred sweetclover to all of the others; alfalfa was by far the least 
attractive. The workers of B. occidentalis preferred sweetclover to alfalfa, and 
it was the only species of bumble bee that preferred alfalfa to alsike. The queens 
of B. huntii and all of the sexes of B. nevadensis, B. fervidus, and B. borealis 
greatly preferred red clover to all of the other legumes. 

Comparisons of the lengths of the proboscises of the sexes of the species of 
Bombus and Apis whose food preferences were determined in the above manner 
indicated that the preferences exhibited by a bee were linked with the ease with 
which it could gather nectar froma flower. Although bees with long proboscises 
were apparently physically able to obtain nectar from the short-tubed flowers 
such as sweetclover, they much preferred the long-tubed flowers; and although 
bees with short proboscises could gather pollen from long-tubed flowers such as 
red clover, they much preferred the short-tubed flowers from which they could 
gather both nectar and pollen. Hence, the preferences of species of ‘bumble 
bees, about which less is known concerning food preferences, can probably be 
deduced on the basis of the lengths of their proboscises. 


A comparison of the proboscises of honey bees with bumble bees that pre- 
ferred red clover suggests that the honey bee’s proboscis would have to be at 
least 2.5 mm. longer before it would freely utilize red clover as a source of nectar. 


Although the proboscises of M. frigida, M. peribirta, and M. dentitarsus are 
short, these bees can collect nectar from the relatively long-tubed alfalfa flowers 
after they have tripped them. The tripping mechanism of the alfalfa flower 
does not deter them as it does other bees. 
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A Revision of the Genus Roederioides Coquillett 
(Diptera: Empididae) 


By J. G. Cuiticorr 
Entomology Research Institute, Research Branch, 
Canada Department of Agriculture, Ottawa, Ontario 


The genus Roederioides was erected by Coquillett in 1901 for the single 
species juncta Coquillett, described from Saranac Inn, New York. The species 
has since been recorded only from Mt. Washington, New Hampshire. A second 
species has been described from the Madeiras by Frey. This paper describes 
five new species from North America and presents a revised description of the 
genus. 

The type of the genus, juncta, was collected in association with black flies, 
and recent collections have been made from black fly swarms. It is possible 
that juncta, and possibly other species of the genus, are predators of black flies, 
both as adults and as larvae. 

The genus is easily recognized by the elongate head, the cheeks below the 
eyes rostriform and making up two- fifths of the head height, by the elongate, 
slender proboscis; and by the enlarged and laterally compressed apical segments 
of the tarsi. 

A detailed description of the genus is as follows: 


Adult 

Length 2.0-3.5 mm. No sexual dimorphism except in genitalic structure. 

Head.—Dorsally dark brown pollinose, ventrally densely blue-grey pollinose. 
Head directed ventrally, its length about three-fifths vertical height. Eye ovate, 
densely short-haired, slightly sinuate on posterior margin; separated by width of 
ocellar triangle in both sexes; occupying about three-fifths of head height. 
Ocellar triangle moderately prominent, bearing one pair of strong to weak ocellar 
bristles and two or three pairs of setulae. One pair of vertical bristles present 
or absent. Postoccipital (postocular) bristles strong, in a single, regular row; 
with one or two'rows of setulae behind eyes in those species with distinct vertical 
and ocellar bristles. One or two pairs of weak genal bristles usually present. 
A weak suture-like depression extends ventrally from lower margin of eye 
toward oral margin. Face in profile straight to ‘distinctly protruding medially, 
more or less concave on ventral half; lower part of head rostriform, tapering 
toward proboscis. Antenna with basal segments distinct, subequal, weak!y 
bristled; third segment short-ovate to ovate, style two-segmented, as long as, or 
slightly shorter than, third segment. Proboscis three-fifths as long as, or equal 
in length to, head height; densely pollinose except at apex; without distinct 
labellum. Palpus broad, short, appressed, with one strong apical and several short 
marginal setulae. 
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Thorax.—Densely brownish pollinose dorsally, silvery blue-grey pollinose 
laterally; scutellum and median posterior portion of mesonotum sometimes grey 
pollinose. Acrostichals absent, present only on anterior fourth, or extending 
backward to a point opposite wing bases; never distinctly bristle-like. Dorso- 
centrals five, strong and elongate; or about seven, short and weak. One humeral 
bristle, one strong sublateral with a few basal setulae, two distinct posterior and 
a variable number of setulose anterior notopleurals, no supraalars or posthumerals. 
Scutellum with one pair of strong inner and one pair of weaker outer marginals, 
one pair of strong to weak apicals, and several scattered submarginal setulae. 
Metapleural bristles short, in a diffuse cluster. A few weak, curved stigmatal 
setulae. Thorax otherwise bare. Squama small, brown, with several long hairs. 
Haltere brown. 

Wing.—Elongate cuneate (Figs. 1-4), clear or slightly infuscated. Third vein 
forked, second submarginal cell three to four times as long as broad. Fourth 
and fifth veins separated by a distinct posterior crossvein or coalesced for a 
distance up to half as long as second submarginal cell. Anal cell strongly re- 
curved at apex; anal vein absent or moderately indicated by a line of sclerotization, 
never well developed. One distinct basal costal bristle, short close-set setulae 
on anterior margin of wing, long well spaced hairs on posterior margin. 


Legs.—Reddish-brown to dark brown, evenly pollinose. Femora slender, 
fore femur in wirthi and retroversa slightly swollen; without distinct bristles but 
with rows of curved setulae on ventral surface. Tibiae slender, without distinct 
bristles, except for a short row of median ventral bristles in four species, often 
with erect sensory hairs. Tarsi slender except for the apical segment which is 
deep, laterally compressed, and produced dorsally. Tarsal claws large; pulvilli 
very distinct. 

Abdomen.—Dorsoventrally flattened in both sexes, brownish-grey pollinose 
with a trace of mediobasal infuscation on each segment. Male and female 
genitalia as shown in Figs. 16-29. 

Hypopygium.—Ninth tergum quadrate in outline, articulated at posterior 
end with tubular ninth sternum, and bearing a short, hooked process on inner 
posterodorsal margin. Cercal plate largely membranous, with a few apical 
bristles on a small, sclerotized plate. Surstylus quadrate, triangular, or slender and 
distinctly elbowed, often with numerous spings on inner surfaces. Aedeagus 
slender or slightly broadened, dorsoventrally flattened with a more or less tri- 
furcate, membranous apex whose lateral arms are often elongate, tapering and 
corrugated. 

Ovipositor —Somewhat laterally compressed. Eighth sternum with a ventral 
armature of moderately short to very short setulae. Suranal plate moderately 
sclerotized, slender or broad. Subanal plate appressed to and often fused with 
eighth sternum. Cerci geniculate dorsally, slender or somewhat broadened, 
weakly setulose. Spermatheca one, elongate and tapering, moderately rugose at 
base, recurved at middle, tapering to a whip-like apex. 


Immature Stages 


There is no information on the immature stages except for Needham’s 
descriptions and figures of larvae and pupae of juncta in 1901. Since the pub- 
lished information on immature stages of other Clinoceratinae is still vague and 
inadequate, no accurate statement of the generic characters of larvae or pupae 
is possible. 
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l.juncta - 2.wirthi 





3.recurvata 4.distincta 





17.recurvata 18.vockerothi 1Qwirthi 20.retroversa 


Figs. 1-20. Roederioides spp. 1-4, right wings; 5-10, left lateral views of heads; 11-13, left 
hind legs; 14-15, left fore tibiae; 16-20, left lateral views of hypopygia. 
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Biology 

See detailed notes under juncta. It is probable that all species in the im- 
mature stages live in swift-flowing streams, particularly in the region of spillways 
and rapids; and may well be associated with the black flies of these habitats. The 
structure of head and mouthparts of adults suggests that they are adapted for 
predation, whereas most other Clinoceratinae have short sucking- lapping mouth- 
parts. Only careful and patient field observation at a time and place where 
Roederioides is abundant will substantiate this supposition. 


Distribution 

The species of this genus seem to be quite restricted in distribution. Two 
species, juncta and recurvata, are known only from the eastern states, Ontario, 
and Quebec. One species is known only from Florida. Three are known from 
the western mountains at the edges of creeks and streams at elevations between 
3,500 and 7,000 ft. One species, Jongirostris Frey, has been described from the 
island of Madeira. 


Key to the Species of Roederioides Coquillett 


1. Face and front smoothly convex in profile, head in profile widest at middle; probosc's 
slightly longer than head height longirostris Frey! 
Face protuberant below eyes, head in profile widest below eye; proboscis at least slightly 


shorter than head height 2 
2. Dorsocentrals five, strong; ocellar and vertical bristles strong (Figs. 5-8) 3 
Dorsocentrals seven to eight, weak; ocellar and vertical bristles short and weak 
(Figs. 9-10) ae ee ee 
3. Mediocubital crossvein present and distinct (Fig. 4) distincta n. sp. 
Mediocubital crossvein very short or absent, medial and cubital veins often coalescing 
for a short distance (Figs. 1-3) 4 


4. Hind tibia with distinct median ventral bristles (Fig. 12); head slender in profile, 
tapering toward ocellar triangle (Fig. 6); dorsal lobe of hypopygium slender and 
curved anteriorly (Fig. 17); mediocubital crossvein usually present but short 
(Fig. 3) as recurvata n. sp. 

Hind tibia without distinct median ventral bristles (Fig. 13); head broad in profile, 
broadly rounded toward ocellar triangle (Figs. 5, 7); dorsal lobe of hypopygium 
broad, with many short spines on inner surface (Fig. 16, 18); medial and cubital 


veins coalescing for at least a short distance (Figs. 1, 2) 5 
5. Dorsal lobe of hypopygium broad and truncate at apex (Fig. 16); tip of aedeagus with 
truncated lateral arms (Fig. 26) juncta Coquillett 
Dorsal lobe of hypopygium more slender, not distinctly truncate (Fig. 18); tip of 
aedeagus with pointed lateral arms (Fig. 27) vockerothi n. sp. 
6. Dorsal lobe of hypopygium curving posteriorly (Fig. 20); face flat in profile, proboscis 
short (Fig. 10) retroversa N. Sp. 
Dorsal lobe of hypopygium curving anteriorly (Fig. 1 . face tuberculate in profile, 
proboscis long (Fig. 9) : icici Bs SR 


Roederioides juncta Coquillett 
Figs. 1, 5, 13, 16, 21, 26. 
Roederioides juncta Coquillett, 1901, New York State Mus. Bull. 47: 585. 
Needham, 1901, ibidem: 581, pl. 15, figs. 5-8. 
Melander, 1902, Trans. Am. Ent. Soc. 28: 239. 
Engel, 1918, Deutsche Ent. Zeit. 1918: 264. 
Melander, 1927, Genera Insectorum 185: 225-6, pl. 2, fig. 19. 
Peterson and Davies, 1960, Can. Journ. Zool. 38: 9, 10, 12 (in text and tables as R. sp. nr. 
juncta, corrected in footnote, pg. 9). 


This species, the type of the genus, is very closely related to the two other 
eastern species, recurvata and vockerothi. From the former, it is easily dis- 


1Proper placement of this species in the key is not possible because the thoracic and head bristling are 
not clear on type material (see Frey, 1939). 
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tinguished by the lack of distinct ventral bristles on the hind tibia and the 
coalesced medial and cubital veins; from the latter, it is separable only on male 
genitalic structure. From distincta, a western species, it is distinguished by the 
coalesced medial and cubital veins. All four are distinguished by strong thoracic 
and head bristling. Length 2.5 mm. 


Description 

Head.—In profile, broadly rounded at ocellar triangle with one pair of strong 
bristles. One pair of strong vertical bristles present. Two rows of setulae 
present on lower two-thirds of head between eye and postoccipital bristles. One 
pair of weak genal bristles present. Face in profile moderately protruding just 
in front of lower corner of eye, then strongly receding to oral margin. Third 
antennal segment short ovate, style almost twice as long as third segment. Pro- 
boscis two-thirds as long as head height. 

Thorax.—Acrostichals absent, or present as a few hairs in front of first pair 
of dorsocentral bristles. Dorsocentrals five, strong, third and fourth slightly 
weaker than other three. A few setulose anterior notopleurals. Mesonotal de- 
pression silvery pollinose. Apical scutellar bristles weak. 

W ‘ing.—Slightly infuscated. Second submarginal cell three times as long as 
broad. Medial and cubital veins distinctly coalesced for a distance from one-sixth 
to one-half length of second submarginal cell. 

Legs.—Yellowish to reddish-brown. Fore femur slender. Femora without 
long ventral hairs. Tibiae without distinct median ventral hairs. 

Hypopygium.—Surstylus about as broad as long, slightly tapering to a 
truncate apex; inner posterior surface with numerous spines. Aedeagus broad, 
its trifurcate apex cruciform, the lateral arms short and truncate, not corrugated. 


Type locality and type 
Saranac Inn, Adirondack Forest Preserve, New York. Ty pe No. 5345 in 
U.S. National Museum. 


Records 

New York. Saranac Inn, 1 ¢, 39 ¢, 29. VII. 1900 (J. G. Needham). New 
Hampsuire. Mt. Washington (recorded by C. W. re Ontario. Dam, 
Lake Sasajewun, Algonquin Park (B. V. pene fi - 21. V. 1955; numerous 
specimens of both sexes in alcohol, 14. VII. 1955; , 19. VIL. 1955 (all from 
swarms of Simulium decorum Walker). CQuEBEC. ‘Old Chelsea: 1 ¢, 3. X. 1956 
(J. R. Vockeroth); 19, 20. VII. 1959 (J. G. Chillcott). 


Remarks 

This species appears to be closely associated with the black flies of rapids, 
dams, and swift-flowing streams. Needham (1901: 581) states: “Larvae and 
pupae were found first, the former crawling among the pupa cases of Simuilium, 
the latter usually resting within an abandoned Simulium pupa case. After these 
had been bred, the imagos were found, clinging in companies to the underside 
of pieces of boards which rested just above the level of the water. They were 
not seen flying, except when disturbed, and then they took flight slowly and 
flew poorly. The spot on the board where these groups occurred was always 
a wet one, and on it there was to be seen a mass of very minute white eggs in 
the midst of a matrix of thin, transparent gelatin.” He then described in some 
detail the larva and pupa. The black fly referred to is Simulium venustum Say. 

In 1955 B. V. Peterson collected numerous specimens from egg-laying 
swarms of Simulium decorum Walker and S. venustum over a dam spillway in 
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Algonquin Park, Ontario, with definite evidence of predation (Peterson and 
Davies, 1960: 10). Single specimens of juncta have since been collected over 
rapids and spillways near Ottawa, in the Gatineau district of Quebec, again in 
association with these two species of black flies. 

It is probable, from the circumstantial evidence gathered to date, that juncta 
is a predator of simuliids both in the larval and adult stages. The morphology 
of the adult mouth parts and the habits of larvae of related empids support this 
conclusion. No serious attempt has yet been made to prove this assertion. 


Roederioides vockerothi n. sp. 
Figs. 7, 18, 27. 
This species is very close to juncta, and is separable only on male genitalic 
structure. Length 2.0 mm. 


Description 

Head, Thorax, Wing, and Legs.—As described for juncta. 

Hy popygium.—Surstylus longer than broad, tapering evenly to a rounded 
apex; inner posterior surface with relatively few spines. Aedeagus broad, 
trifurcate apex with lateral arms corrugated and tapering evenly to apex. 


Type 
Holotype.— 4 , Gainesville, Florida, 21.1V.1952 (J. R. Vockeroth) (C.N.C. 
No. 7185). 


Remarks 
This species is so far known only from the single male. Although not so 
labelled, this specimen was probably collected from Devil’s Mill Hopper, a cool 
sink hole near Gainesville which is known for relict populations of northern 
forms. 
Roederioides recurvata n. sp. 
Figs. 3, 6, 12, 14, 17, 22, 25. 


This species is closely related to the two preceding species, but is easily 
separated by the dorsally tapering head, short or rarely absent mediocubital 
crossvein, distinct ventral bristles on hind tibia, and anteriorly curving sursty lus. 
Length 2.2-3.2 mm. 


Description 

Head.—In profile rather tapered to ocellar triangle, face moderately pro- 
tuberant, postocciput evenly rounded. Ocellar triangle with one pair of strong 
bristles. One pair of strong vertical bristles present. One row of setulae present 
on lower two-thirds of head between eye and postoccipital bristles, the postoc- 
cipital bristles weak and scattered ventrad. Only one pair of weak genal bristles. 
Face in profile moderately protruding just in front of lower corner of eye, then 
strongly receding to oral margin. ‘Third antennal segment ovate, style scarcely 
longer ‘than third segment. Proboscis four-fifths as long as head height. 

Thorax.—As described for juncta, except that mesonotal depression is con- 
colorous with rest of the mesonotum. 

Wing.—Slightly infuscated. Second submarginal cell three times as long as 
broad. Medial and cubital veins usually separated by a very short crossvein; 
rarely coalesced for a short distance, as in juncta. 

Legs.—Rarely yellowish, usually reddish-brown. Fore femur slender. Femora 


with long ventral hairs. Tibiae ventrally with distinct, median bristle-like hairs, 
quite prominent on hind tibia. 
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2 


3.distincta 


Nes TTT 


24.wirthi 26.juncta 28.wirthi 
25.recurvata 27.vockerothi 29.retroversa 
Figs. 21-29. Roederioides spp. 21-24, left lateral views of ovipositor; 25-29, anterior v:ews 
of aedeagi 





21. juncta 22.recurvata 





Hy popygium.—Surstylus slender, distinctly elbowed at middle, the apical 
portion curving distinctly anteriorly; inner posterior surface with numerous 
spines. Aedeagus slender, apex very weakly trifurcate, the lateral arms closely 
appressed to apical portion, not corrugated. 

Types 

Holoty pe.-: 6, Old Chelsea, Quebec, 3. X. 1956 (J. R. Vockeroth) (C.N.C. 
No. 7186). 

Allotype.— 2 , Old Chelsea, Quebec, 26. IX. 1955 (J. R. Vockeroth) (C.N.C.). 

Paratypes.—10 4 2, 182 9, as follows: Quesec. Old Chelsea: 23 6, 62 @, 
same data as holotype; 1 4, 52 9, same data as allotype; 14,29 9, 27. IX. 1955 
(J. R. Vockeroth); 14,292 9, 13. IX. 1956 (J. R. Vockeroth); 14, 9. X. 1956 
(J. R. Vockeroth); 1 ¢, 9.VII.1959 (J. G. Chillcott). Perkins Mills, 1 ¢, 11. 
VI. 1949 (G. E. Shewell). Onrvarto. Dam, Lake Sasajewun, Algonquin Park, 
2 $ 6, 14. VIL 1955 (B. V. Peterson); Black Ash Creek, Collingwood Twp., 
16,22 9, 10. X. 1948 (F. P. Ide). Maine. Bangor, 1 6, 16. VII. 1958 (J. R. 
Vockeroth). 


Remarks 
This species appears to have the same distribution and habits as juncta. It 
may be equally involved in predation of simuliids. 


Roederioides distincta n. sp. 
Figs. 4, 8, 23. 

This species, although from Colorado, is more closely related to the preceding 
eastern species than to the other two western species. It can be easily dis- 
tinguished from all other known species of the genus by the long mediocubital 
crossvein (Fig. 4), and by the distinct biserial acrostichals which extend back 
to the fourth dorsocentral. However, in most other characters it is very similar 
to recurvata. Length 2.3-2.9 mm. 


Description 


Head.—In profile rather tapered to ocellar triangle, face distinctly pro- 
tuberant, postocciput evenly rounded. Ocellar triangle with one pair of strong 
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bristles. One pair of strong vertical bristles present. One full row of setulae 
and a partial second row present on lower two-thirds of head between eye and 
postoccipital bristles. ‘Iwo pairs of weak genal bristles present. Eye distinctly 
inclined forward at lower edge. Face distinctly protuberant from just below 
antennae, then, below lower margin of eye, strongly receding to oral margin. 
Third antennal segment ovate, style scarcely longer than third segment. Proboscis 
six-sevenths as long as head height. 

Thorax.—Acrostichals in two setulose rows extending to mesonotal depres- 
sion. Dorsocentrals five, moderately strong and subequal. Several accessory 
setulae at base of sublateral bristles and on notopleuron. Mesonotal depression 
silvery pollinose, scutellum grey pollinose. Apical scutellar bristles weak. 

Wing.—Very faintly infuscated. Second submarginal cell four times as long 
as broad. Medial and cubital veins separated by a distinct crossvein which is 
longer than radiomedial (anterior) crossvein. 

Legs.—Black, at most knees and trochanters faintly yellowish. Fore femur 
slender. Femora and tibiae with short ventral hairs; hind tibiae with several 
distinct median ventral bristles. 

Hy popygium.—Male not known. 


Types 

Holotype.—?, South St. Vrain Creek, Boulder Co., Colorado, 8. IX. 1950 
(W. W. Wirth) (U.S.N.M. No. 65091). 

Paraty pes.—2 2 2, same data (U.S.N.M., C.N.C. No. 7187). 


Roederioides wirthi n. sp. 
Figs. 2, 9, 11, 15, 19, 24, 28. 

This species, with the following species retroversa, forms a separate group 
characterized by weak bristles on ocellar triangle, vertex, dorsocentral row, and 
at base of wing. The fore tibiae are somewhat swollen, there are no setulae 
between the eyes and postoccipital bristles, and the aedeagal apices are complex. 
Both occur in the southwestern states. This species may be separated from the 
related retroversa by the more elongate proboscis and tuberculate facial profile, 
as well as by the anteriorly directed surstylus of the hypopygium. Length 
2.8-3.2 mm. 


Description 

Head.—In profile, moderately tapered to ocellar triangle, face and postocciput 
moderately protuberant, distinctly concave on gular area. Ocellar triangle and 
vertex with only weak hairlike bristles. Postoccipital row of bristles strong, no 
setulae between eye and postoccipital bristles. Two pairs of weak genal bristles 
present. Face in profile moderately protuberant from just below antennae, 
widest just below lower margin of eye, then receding in a straight line to oral 
margin. Third antennal segment ovate, style about equal in length to third 
segment. Proboscis two-thirds as long as head height. 

Thorax.—Acrostichals present as only a few curled setulae just behind head 
and in front of first dorsocentral bristles. Dorsocentrals about 8, weak and 
hairlike, the posterior one slightly stronger. A few setulose anterior notopleurals. 
Mesonotal depression only slightly more greyish than general mesonotal colour. 
Scutellum with apical and outer marginal bristles distinct, almost as long as inner 
marginals. 

Wing.—Scarcely infuscated. Second submarginal cell about five times as 
long as broad. Medial and cubital veins coalesced for a distance rarely exceeding 
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length of radiomedial crossvein. Basal costal bristle less than half as long as 
distance from bristle socket to humeral crossvein. 

Legs.—Black, at most the knees and trochanters faintly yellowish. Fore 
femur slightly swollen. Femora without long ventral hairs. Hind tibia with 
several short but distinct ventral hairs at apical fourth. 

Hypopygium.—Surstylus about three-fourths as broad as long, tapering to 
a narrowly rounded apex; inner posterior surface with numerous spines. 
Aedeagus slender, its trifurcate apex with a very short median piece, the lateral 
arms long, curved, and corrugated, tapering to apex. 


Types 

Holotype.— 4, Catron Co., 5 mi. E. of Glenwood, New Mexico, 24. VI. 
1953 (W. W. Wirth) (U.S.N.M. No. 65092). 

Allotype.— 2, same data as holotype (U.S.N.M.). 

Paratypes.—9 6 8, 92 2, same data as holotype (U.S.N.M., C.N.C. No. 
7188). 

Roederioides retroversa n. sp. 

Figs. 10, 20, 29. 

This species is very close to the preceding species, wirthi, but can be dis- 
tinguished by the more rounded head profile, shorter proboscis, and by the 
posteriorly directed, more slender surstylus of the hypopygium. Length 3. 0 mm. 


Description 

As described for wirthi except: 

Head.—Face and postocciput scarcely protuberant, more rounded, evenly 
tapering to oral margin. Third antennal ‘segment short-ovate, style about equal 


in length to third segment. Proboscis scarcely more than half as long as head 
height. 


Thorax.—A third distinct bristle at lower centre margin of notopleuron just 
in front of lower posterior notopleural bristle (unique). Scutellum with apical 
and outer marginal bristles weak, much shorter than inner marginals. 

Wing.—Medial and cubital veins coalesced for a distance at least twice as 
long as radiomedial crossvein. 

Legs.—Knees and trochanters distinctly paler. 

Hypopy gium. —Surstylus about three-fourths as broad basally as long, 
strongly tapering on basal half, then parallel-sided to a rounded- truncate, pos- 
teriorly directed apex; inner posterior surface with a few weak spines. 


Types 


Holotype.— 4, St. Helena Creek, Lake Co., California (at stream margin), 
17. VIL. 1948 (W. W. Wirth) (U.S.N.M. No. 65093). 


Roederioides longirostris Frey 
Roederioides longirostris Frey, 1940, Ark. for Zool. 31 (20): 5-6, figs. 1-3 (1939). 


This species, although from an almost inexplicably distant region (Madeira 
Island) from that of its congeners, is not significantly different from the Nearctic 
species of the genus. It can be distinguished by the evenly tapering head profile 
and elongate proboscis, as well as by the distinctly greater extent of yellow colour 
(although part of this may be due to preservation in alcohol). The damaged 
thoracic (and head? ) bristling makes it difficult to relate this form to, and key 
it out with, the Nearctic species. 
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Type locality and type 
Rabacal, Madeira I. Type in Swedish Museum of Natural History, 
Stockholm. 


Remarks 
It is interesting to note that this species was also taken at a waterfall at 
Rabacal, suggesting habits similar to those of the Nearctic species. 


Summary 
The genus Roederioides, unique in the Clinoceratinae in having elongate 
rostriform cheeks below the eyes and an elongate proboscis, is revised. Five 
new Nearctic species are described in addition to the two previously known 
species. A key to the known species is presented, and representative figures of 
important structures are included. The possibility that species of this genus 
are black fly predators is discussed. 
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An Introduced Species of Ptilinus from New York 
(Coleoptera: Anobiidae) 


By Joun B. SIMEONE 


State University College of Forestry at Syracuse University 
Syracuse, New York 


In a survey of wood-feeding Anobiidae occurring in the Northeastern 
United States and adjacent Canada, a species of Ptilinus was found which the 
author believed to be new and for which the trivial name friendi was proposed 
(Simeone, 1960). However, having had the opportunity during the summer of 
1960 to examine and collect European species at the Forest Products Research 
Laboratory, Princes Risborough, England and at der Forstliche Bundes-versuchs- 
anstalt Mariabrunn in Schénbrunn, Vienna, Austria, the author now believes his 
specimens to have been introductions of the common species, Ptilinus pectini- 
cornis L. In view of the economic importance of this species in other parts of 
the world, it seems advisable to describe in some detail the adult male and female 
as well as to compare some of the characteristics whereby the insect can be 
distinguished from closely allied species. 
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Fig. 1. Form and size of antennae compared: A, Ptilinus pectinicornis L.; a, cross 
section of ramus; B, Ptilinus ruficornis Say; b, cross section of ramus. 


Living adults of both sexes were collected in three locations in New York 
State. The first were found attacking joists of American beech, Fagus grandi- 
folia Ehrh., in the unheated portion of a dwelling in Homer, on June 16, 1950. 
The second were taken on August 7, 1952 in the basement of a dwelling in 
Binghamton, New York, and might have emerged from any one of several hard- 
woods present in the space. The third were taken‘from timbers of sugar maple, 
Acer saccharum Marsh., in a rural barn near Jamestown on June 27, 1953. 

The adults are described as follows: 

Male—Cylindrical, opaque; elytra brown, comparable to Montella 8J11 of Maerz 
and Paul (1930); abdomen, prothorax, head darker, comparable to Byron 8E3 of 
Maerz and Paul (1930); legs rufotestaceous; pubescence yellow, recumbent on 
elytra, quasi-recumbent on prothorax and upright on head. Head densely 
granulose, eyes approximately two times as far apart as longest dimension; median 
carina front to vertex obscured by rugosity;, antennae strongly flabellate, the 
third ramus 0.7 times length of segment, the fourth 3.5 times, the fifth 5.8 times, 
the sixth 6.7 times, the seventh 8.1 times, the eighth 9.1 times, the ninth 7.7 times 
and the tenth 4.7 times; rami of segments four to 10 flabelliform; in cross section 
of each ramus, broad lateral aspect is four times thin dorsal aspect (Fig. 1). 
Prothorax slightly broader than long, broadest one-third distance from base, 
apex narrower than base; side margin narrow, hind angles rounded, front angles 
right, apical margin strongly rounded, narrowly reflexed medially, with six to 10 
serrules each side of median notch; surface coarsely granulose at base, becoming 
more coarsely so anteriorly, especially toward middle, with several asperities in 
7 ae third; median line fine, smoothly agrees to the basal margin. Elytra 

2.7 times as long as prothorax, approximately 2 .1 times as long as wide; finely 
scabrous, dull; punctures coarse and distinct throughout, er by about 
twice their own diameters, trace of serial arrangement along lateral margin, and 
surrounded with large granules, especially toward apical declivity. Beneath 
more shining than above, pubescence long, yellow, recumbent; punctures evenly 
distributed, of nearly uniform size; last. abdominal sternite with very feebly 
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defined subapical ridge. Measurement of 15 specimens ranged 3.49-4.50 mm. in 
length; 0.97-1.43 mm. in breadth. 


Female—Averaging slightly larger than male. Integument shinier than male; 
head, thorax, abdomen dark brown, comparable to 8C1 of Maerz and Paul (1930); 
elytra lighter brown, comparable to Java Brown of Maerz and Paul (1930); legs 
rufotestaceous; eyes separated by three times their diameter; antennae strongly 
serrate. Prothorax slightly broader than long, moderately granulose at base, 
becoming more densely granulose and including several large asperities toward 
apical half; apical margin strongly rounded, narrowly reflexed medially, with 10 
to 12 serrules each side of median notch; basal third with smooth median line 
impressed, shiny, ending at basal margin, small, shiny, slightly raised area midway 
between median line and hind angle; lateral margin narrow. Elytra 2.5 times as 
long as prothorax, approximately 2.2 times as long as wide; punctures finer than 
in male, with associated granules smaller and much less conspicuous. Last 
abdominal sternite with well defined subapical ridge. Measurements of 30 
specimens ranged 3.90-4.73 mm. in length; 1.27-1.50 mm. in breadth. 

This species is closely related to P. ruficornis Say and P. basalis Lec. It 
differs from P. ruficornis principally in the following characteristics: (1) the 
dark prothorax and lighter elytra as compared to prothorax and elytra of the 
same shade in P. rufice ornis; (2) longer and denser pubescence; (3) head more 
densely sculptured; (4) carina from front to vertex more obscure; (5) rami of 
P. ruficornis longer relative to size of antenna, the third being two times, the 
fourth seven times, the fifth 9.3 times, the sixth 11 times, the seventh 10 times, 
the eighth 12 times, the ninth 10 times, and the tenth seven times the length of 
the segment (Fig. 1); (6) rami of segments four to 10 in P. ruficornis ovoid in 
cross section, broad lateral aspect 1.5 times thin dorsal aspect (Fig. 1); (7) last 
abdominal sternite lacks subapical carina. The principal differences from P. 
basalis, besides (1) and (6) above, include: (1) the base and ramus of the third 
antennal segment of P. pectinicornis assumes a more triangular shape than the 
more ty pical ramus of a flabellate ty pe of antenna as described for P. basalis by 
Fall (1905); (2) the elytra of P. pectinicornis are 2.1 times longer than wide as 


compared to 1.75 times in P. basalis. 
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A Note on Temperature and Postdiapause Development of the 
Larch Sawfly and Its Parasite Bessa harveyi (Tnsd.)* 


By R. J. Heron 


Forest Biology Laboratory, Winnipeg, Manitoba 


Some information of interest on the postdiapause development of the larch 
sawfly, Pristiphora erichsonii (Htg.), and its tachinid parasite Bessa harveyi 
(Tnsd.) has been obtained in the course of laboratory rearings. Sawfly cocoons 
were placed in cold storage at 2 to 3°C. in Septembe r or October and held until 
the following year, usually late March, when they were incubated at 10 or 15°C. 
They were then held at constant temperatures until emergence was complete. 
Sawfly and parasite emergence was recorded daily. 

A characteristic of the field emergence of larch sawfly adults is its prolonged 
duration. It extends over a period of approximately two months from late May 
to the latter part of July or early August in Manitoba and Saskatchewan. This 
protracted pattern of adult emergence persists when the cocoons are incubated 
at a constant temperature of 15°C. In contrast to the disparity in postdiapause 
development rates of the sawfly the rates of B. harveyi development are markedly 
uniform. This is illustrated by the frequency histogr am in Fig. 1, which is based 
on the emergence of sawflies and tachinid adults from cocoons incubated at 15°C. 
after 176 days in cold storage. The cocoons were collected at regular intervals 
throughout the period of larval drop in the summer of 1958. 

The emergence pattern of sawfly and B. harveyi adults from cocoons collected 
during a single four-day period ending July 23, 1957, was essentially the same as 
that shown in Fig. 1. The cocoons received the same temperature treatment as 
the cocoons on which the data in Fig. 1 are based. Sawfly emergence totalled 
176 individuals and ranged from the 22nd to the 77th day of incubation with a 
mean of 53.0+ 0.73 days. The median was 52‘days. Forty parasite adults 
emerged from the 26th to the 37th day with a mean of 30.0 + 0.40 days. It is 
apparent from these and other similar data that the date of cocoon formation does 
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Fig. 1. Emergence of larch sawfly adults (N = 472) and Bessa harveyi (Tnsd.) adults 
(N = 137). Cocoons incubated at 15°C from March 26, 1959. 


1Contribution No. 670, Forest Biology Division, Research Branch, Department of Agriculture, Ottawa, 
Canada. 
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Fig. B 


Fig. 2. (a) Emergence of larch sawfly adults (N = 189) and Bessa harveyi (Tnsd.) adults 


(N = 26). Cocoons incubated at 10°C from May 5, 1958. 


(b) Emergence of larch sawfly 


adults (N = 148) and Bessa harveyi (Tnsd.) adults (N = 30). Cocoons incubated at 15°C 


from May 6, 1958. 
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not exert a primary influence on postdiapause development and subsequent adult 
emergence. 

The frequency histograms in Figs. 2a and 2b are based on data obtained from 
cocoons incubated at 10 and 15°C., respectively, after 212 days cold treatment. 
At 10°C., 65 per cent of the B. harveyi adults emerged after the median date of 
sawfly emergence. At 15°C., all the parasites emerged during the first half of 
the sawfly emergence period. The five degree increment in temperature had a 
relativ ely greater accelerating effect on the “development of the parasite than on 
that of the saw fly. 

The temperatures to w hich larch sawfly cocoons are exposed in their soil 
habitat during the postdiapause period vary consider ‘ably depending on location. 
It has been shown by Turnock (unpublished data) that several factors such as 
depth from the surface, microtopography of the surface, water-level fluctuations, 
air temperature, and insolation are important determinants in this regard. The 
effect of environmental temperature variation on time of adult emergence of the 
larch sawfly is largely masked by the intrinsic variability in its postdiapause 
development. In B. harveyi, however, the rates of postdiapause development at 
constant temperatures are relatively uniform. Temperature increases in the range 
encountered in the natural environment have a marked accelerating effect on 
developmental rate. The micro-environmental situations of cocoons would there- 
fore have an important influence on the emergence pattern of the parasite in field 
populations. This influence may be responsible for an extended period of emer- 
gence of parasite adults under natural conditions. 

(Received July 14, 1960) 





Key to the Puparia of Common Dipterous Parasites of the Forest 
Tent Caterpillar, Malacosoma disstria Hbn., in Ontario’ 


By W. L. S:ppeLv? 


During a study of the parasites attacking the forest tent caterpillar, Malaco- 
soma disstria Hbn., a ready means of identifying puparia of the common dipterous 
parasites proved necessary so that those individuals that failed to dev elop beyond 
the puparial stage in laboratory rearings might be identified in advance of lengthy 
cold treatment and incubation. The “following key was therefore dev eloped on 
the basis of the study of series of puparia associated with adults determined by 
the Entomology Research Institute. The key includes the ten most common 
dipterous parasites of the tent caterpillar i in Ontario, seven of which have been 
included in a similar key to the parasites of Malacosoma spp. in British Columbia 
(Ross 1953). The terminology used in these two keys is similar, and is adapted 
from Green (1921). 

rar ences of puparia may be common in laboratory rearings, particularly 
under unsatisfactory rearing conditions. In general, however, malformation has 
been found to affect only slightly the accuracy with which the puparia may be 
identified. Whereas — with unique characters, such as Sarcophaga aldrichi 
Park. and Agria affinis (Fall.), are recognizable regardless of deformity, slight 
malformation of similar puparia, such as those of Euexorista futilis (O.S.) and 
Patelloa pachypyga (A. and W.), sometimes makes their separation difficult. Of 
12,000 puparia reared by the Forest Insect Survey during the final three years 
of the six-year study, less than one per cent were malformed beyond recognition. 

“1Contribution No. 676, Forest Biology Division, Research Branch, Department of Agriculture, Ottawa, 


Canada. 
2Forest Insect Laboratory, Sault Ste. Marie, Ontario. 
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Fics. 1-5. Posterior view of puparium, stigmal plate with spiracular slits, and lateral view 
of puparium. 1, Sarcophaga aldrichi Park. 2, Agria affinis (Fall.). 3, Exorista mella Wk. 
4, Neophorocera edwardsii (Will.). 5, Leschenaultia exul (Tnsd.). 
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Fics. 6-10. Posterior view of puparium, stigmal plate with spiracular slits, and lateral 
view of puparium. 6, Euexorista futilis (OS.). 7, Patelloa pachypyga (A. and W.). 8, 


Carcelia malacosomae Sellers. 9, Achaetoneura melalophae Allen. 10, Achaetoneura frenchii 
(Will.). 
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Key to the Dipterous Puparia of Forest Tent Caterpillar 


1. Stigmal plates within a cavity beneath the surface of the puparium 2 
Stigmal plates not in a cavity but flush with or protruding from the surface of 
the puparium 3 
2. Opening of the cavity elliptical in shape, somewhat irregular, lip of the opening 
distinctly rough and ridged Sarcophaga aldrichi Park. (Fig. 1) 
Opening of the cavity circular in shape, regular, lip of the opening smooth or only 
slightly roughened Agria affinis (Fall.) Fig. 2) 
3. Stigmal slits almost straight to smoothly curved + 
Stigma! slits serpentine 8 
4. Stigmal plates positioned at a distance less than the diameter of a single an from 
the longitudinal axis of the puparium 5 
Stigmal plates off-set, positioned at a distance more than the diameter ‘of one “plate 
from the longitudinal axis of the puparium (puparium occasionally larger than 
illustrated) Exorista mella W\k. (Fig. 3) 
5. A protuberance present 6 
A protuberance absent : 7 


6. Protuberance small, abrupt, with a broad, deep depression in its centre 
Neophorocera edwardsii (Will.) (Fig. 4) 
Protuberance large, wide, with a granular surface and with a small, shallow depression 
in its centre Leschenaultia exul (Tnsd.) (Fig. 5) 
Stigmal slits nearly straight, located on crests of prominent stigmal ridges; wide, shallow, 
conspicuous pits present between stigmal plates and in series with line markings 
which delimit a kidney-shaped area ventral to the stigmal plates 
Euexorista futilis (OS.) (Fig. 6) 
Stigmal slits curved, located on crests of low stigmal ridges; a small number of narrow 
pits present around stigmal plates and/or in series with line markings which delimit 
a kidney-shaped area ventral to the stigmal plates 
Patelloa pac bypyga (A. & W.) (Fig. 
Ross (1953) uses the curvature of the stigmal slits and the position of the button to 
separate E. futilis and P. pachypyga. 
8. Stigmal plates sirongly protruding; serpentine slits, fine, and long; no deep depressions 
ventral to the stigmal plates Carcelia malacosomae Sellers (Fig. 8) 
Stigmal plates only slightly protruding; serpentine stigmal slits of moderate length; two 
prominent depressions ventral to the stigmal plates, one on each side of the dorso- 
ventral line ert See v 
9. A horizontal ridge present dorsal to the stigmal plates 
Achaetoneura melalophae Allen (Fig. 9) 
Horizontal ridge absent; a slightly roughened area or sometimes a slight depression 
mediodorsal to the stigmal plates Achaetoneura frenchii (Will.) (Fig. 10) 


~ 


Because of their rare occurrence in periodic collections in the 1948-56 out- 
break area in Ontario, five additional tachinid parasites are excluded from the 
key. These parasites are: Achaetoneura archippivora (Will.), Cartocometes io 
Ald., Compsilura concinnata (Mg.), Tachinomyia nigricans Webb., and Win- 
themia datanae (Tnsd.). 

The assistance of Mr. T. Goodson of the Bio- -graphic Unit, Canada Depart- 
ment of Agriculture, in the preparation of illustrations is gratefully acknowledged. 
Dr. E. J. Bond, formerly of this laboratory, did preliminary work on the pre- 
paration of the key. 
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An Experiment in Biological Control of Tetranychus telarius (L.) 
(Acarina: Tetranychidae) in a Greenhouse Using the Predacious 
Mite Phytoseiulus persimilis Athias-Henriot (Phytoseiidae) 


By D. A. Cuant! 


Entomology Research Institute for Biological Control, Research Branch, 
Canada Department of Agriculture, Belleville, Ontario, Canada 


The two-spotted spider mite, Tetranychus telarius (L.), is a well known 
pest of many plants in greenhouses. It is notoriously difficult to control, 
especially when resistant ‘populations develop, and usually requires frequent 
acaricidal treatment during the growing season. Biological control has sometimes 
been suggested in view of the success that was achieved by this method against 
other greenhouse pests and because the environment is ‘controllable to some 
extent, but only a few attempts have been made. 

Bravenboer (1959) reported that the coccinellid Stethorus punctillum Weise 
could be an important predator of T. telarius (=urticae (Koch)) in greenhouses 
but that the predacious mite Ty phlodromus longipilis Nesbitt (Phytoseiidae) was 
of doubtful or limited value. Collyer (1958) showed that various typhlodromid 
mities reduced the numbers of - nal ulmi (Koch) (Tetranychidae) on 
Prunus spp. in a greenhouse when the initial ratio of prey to predator favoured 
the latter (the highest initial ratio in her experiments was 10 prey: 1 predator) 
and Huffaker and Kennett (1956) showed that another typhlodromid could 
satisfactorily control a tarsonemid mite on strawberries, both indoors and out. 
Smith and Summers (1949) showed that Phytoseiulus macropilis (Banks) (Phyto- 
seiidae) fed heavily on tetranychids and developed rapidly but they did no con- 
trolled experiments on the effect of the predator on populations of its prey. 
Finally, MacGill (1939) reported Typhlodromus cucumeris Oud. (=thrispsi 
MacGill) as a predator of Thrips tabaci Lind. in a greenhouse but did not attempt 
to assess its importance. 

A project was initiated at the Entomology Research Institute for Biological 
Control, Belleville, in 1958 to investigate the possibility of using predacious phyto- 
seiid mites to control T. telarius in greenhouses. A number of species were 
investigated, including Typhlodromus fallacis (Garman) and T. occidentalis 
Nesbitt, but all dev eloped too slowly to be of economic value; though some 
might ultimately control the pest, damage in the interval would be intolerable 
to commercial growers. However, Dr. G. Dosse, Institut fiir Pflanzenschutz der 
Landwirtschaftlichen Hochschule, Stuttgart-Hohenheim, Germany, told me of 
an extremely predacious and rapidly developing mite, Phytoseiulus persimilis 
Athias-Henriot (=riegeli Dosse) that he had received from Chile. Dr. Dosse 
supplied living specimens of the mite and an intensive study of the ecology of 
the mite under insectary conditions was started. Data from this study, to be 
reported elsewhere, indicated that this predator might indeed be useful in con- 
trolling T. telarius and in May, 1960, an experiment to test this was undertaken. 
This paper reports the results of this experiment. 


Methods 
Red kidney beans were chosen as the host plants for this experiment because 
they are favoured by the pest, they are easily handled, and they develop quickly. 
One hundred and sixty potted plants (two plants per pot) were arranged in four 
blocks of 20 pots each in a greenhouse. The plants in a block were touching. 
The plants were young and vigorous and had about 15 leaflets each when the 


1Now at Research Laboratory, Research Branch, Canada Department of Agriculture, Vineland Station, 
Ontario. 
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experiment was started. Water barriers between the blocks were used because 
of the known mobility of the predator. Five adult female T. telarius were 
placed on the plants in each pot in all blocks on May 6 (a total of 400 mites). 
On May 20, when the pest was beginning to damage the plants slightly, one 
gravid female predator was placed on the plants in each pot in two of the blocks 
(a total of 40 mites). Subsequently, approximately twice each week until control 
was obtained and then once each week, two pots were removed at random from 
each block. The leaves were cut from these and individually examined with a 
dissecting microscope. The experiment lasted until all pots were removed, nearly 
two months. This method had the disadvantage of progressively reducing the 
size of the experimental universe but there seemed no other convenient way of 
taking the necessary samples. 

Conditions in the greenhouse were similar to those in any greenhouse at 
this latitude at this time of year without air conditioning or forced circulation. 
Temperatures varied from 100°F. to 45°F., approximately. The plants were 
watered by sprinkling directly on the soil in the pots. 

Results and Discussion 

The results will be discussed from two aspects: the gross effect of the pre- 
dator on the abundance of its prey; and the factors that determined this effect. 
Effect of P. persimilis on abundance of T. telarius 

Fig. 1 shows that the predator had an early and profound effect on the 
prey. On May 19, prior to the release of the predator, there was no statistically 
significant difference between the prey populations on the two treatments 
(Student’s “t” test); on one an increase of from five to 70 mites per pot was 
recorded from May 6 to May 19 and on the other from five to 37 mites per pot. 
The predators were released on May 20 and the sample taken two days later 
showed that there was no immediate measurable effect. However, from May 22 
onward increasingly great differences were seen and from June 3 these were 
significant at the five per cent level. From June 6 onward the prey on the 
predator inhabited plants decreased and on June 21 only two prey (0.5 per pot) 
and on June 27 only three prey (0.7 per pot) were recorded. On the predator 
free plants the prey developed high densities, the plants were severely damaged, 
and some leaves were killed. The predator, though it maintained itself on the 
plants to which it was introduced in small numbers after the prey became very 
scarce (Fig. 2), eventually disappeared. This indicates that the predator depends 
almost entirely on animal food, unlike some other phytoseiids. It must have 
excellent searching ability as it virtually eliminated its prey; nevertheless, a few 
prey escaped and after the disappearance of the predator in time might again 
have increased. 

Fig. 2 shows that a ratio of approximately four prey to one predator was the 
turning point in the interaction. From June 6 when this was reached, the 
prey declined and the ratio was increasingly in favour of the predator. A ratio 
in itself, however, is of little importance in this context and the figure of 4:1 is 
almost meaningless. For example, a ratio of 4 prey eggs : 1 predator is vastly 
different from one of 4 prey adults : 1 predator. In the latter the adults may be 
reproducing at a rate greater than the predator’s capacity for destruction and 
the population of prey will increase. In the former instance, however, a period 
of prey development, and susceptibility to predation, must take place before 
increment is possible. Collyer and Kirby (1955) used this statistic freely but 
in the absence of data on the components of the prey and predator populations 
and on their ability to increase in the study area I cannot agree that the statistic 
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Fig. 1. Development of Tetranychus telarius (L.) populations (totals of all stages) with 
and without the predator Phytoseiulus persimilis Athias-Henriot on bean plants in a greenhouse. 


has any real value. In the present instance on June 6 the prey population was 
about 95 per cent immature and the predator about 53 per cent eggs and 32 per 
cent immature stages, quite a favourable state of affairs for the predator. 


The form of the curves of interaction in Fig. 2 are of the classic ty pe 
demonstrated for mites many years ago by Gause et al. (1936) and frequently 
commented on in papers by ‘others. When perfect, and in a limited area, unless 
immigration occurs the interaction is irreversible because the prey are eliminated. 
T. telarius obviously had no form of protection in the experimental universe and 
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Fig. 2. Populations of Tetranychus telarius (L.) (prey) and Phytoseiulus persimilis 
\thias-Henriot (predator) on bean plants in a greenhouse. Totals of all stages are shown 
for each species. 


the predators were able to invade all parts of the universe inhabitided by their 
prey. 

The predator free plants neither blossomed nor produced fruits during the 
experiment whereas the predator inhabited plants blossomed freely and pro- 
duced two dozen or more beans in the final weeks of the experiment. Also, 
though no records were taken, I believe that there was much less thrips damage 
on the predator inhabited plants than on the others and on several occasions 
P. persimilis adults were seen eating young thrips. However, this feeding was 
not enough to maintain the predator in the absence of T. telarius (see Fig. 2) 
and thrips were abundant on all blocks. 

Factors determining effectiveness of predator 

The importance of studying distribution in investigations on predator-prey 
interactions was mentioned in earlier papers (Chant, 1960; Chant and Fleschner, 
1960). The degree to which the distribution of a predator reflects that of its 
prey may be a measure of the potential importance of the predator and a study 
of the distribution of both may provide a means of determining the importance 
of the one on the other. 
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Fig. 3. Frequency d’stribution of Tetranychus telarius (L.) (totals of all stages) at various 


densities on bean leaves without the predator Phytoseiulus persimilis Athias-Henriot (A, B, C), 
and with the predator (D). 


Fig. 3 shows that prior to the release of the predator, and when the prey 
infestation was light or medium, the frequency distribution of the prey on the 
leaves of the bean plants was similar to the negative binomial type; many leaves 
were prey- -free, some had small numbers of prey, and only a very few had higher 
populations. On the predator inhabited plants this distribution was maintained 
until the prey was nearly eliminated but on the predator free plants a change 
took place. As the prey population increased to high densities the frequency 
curve of distribution lost its similarity to the negative binomial and came to 
resemble that of a normal distribution; a few leaves had no prey and an increasing 
number had moderate to heavy densities. 

In order to show another aspect of the distribution of the two organisms, 
the host plant leaves could be classified as follows: 


Leaves without Leaves with Leaves with both Leaves with 
mites only T. telarius T. telarius and only 
P. persimilis P. persimilis 
1102 155 220 0 


The numbers shown are totals for the first seven samples from predator 
inhabited plants. On no occasion was a predator found on a leaf without any 
prey or without evidence that there recently had been a colony of prey on the 
leaf. Obviously, as the predator searches over a plant this must occur from 
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time to time but it is transitory and apparently the predator hurries on until a 
prey inhabited leaf is found. 

The adult predators were very mobile; they located prey populations, fed 
heavily, and laid many eggs in the w ebbing of the prey. Once the active prey 
were destroy ed the predators moved to another leaf because they do not feed 
extensively on the eggs of the prey. However, the eggs of the predators re- 
mained and when they hatched the young predators fed on the young prey 
that had hatched after the departure of the adult predators, and on the unhatched 
eggs. When the young prey were eliminated and there were no more eggs to 
hatch some of the young predators died but those that were more nearly matured 
moved to other leaves. In the early stages of the experiment when the genera- 
tions of prey were still somewhat discrete the effect of the predator was sporadic; 
the mature predators reduced the active prey to a low level and then marked 
time until a new population of prey hatched. This roughly corresponded with 
the hatching of their own eggs and a severe reduction in prey shortly followed. 
Data on the dev elopmental times of the predator and prey under the conditions 
of this experiment suggest that there were from five to six generations of predator 
and four or five of prey. 

Though not shown in the above table, toward the end of the experiment 
the proportion of leaves inhabited only by prey became very small and the pro- 
portion inhabited by both the predator and its prey increased. The number of 
leaves uninhabited increased as both species neared extinction. 


Conclusions 

There is no reasonable doubt that under the conditions of this experiment 
P. persimilis exerted a remarkable control on T. telarius and eventually virtually 
eliminated it. The theoretical 4, ag of an efficient predator of phyto- 
phagous mites were discussed by Chant (1960) and Chant and Fleschner (1960). 
P. persimilis largely meets these: it is hi ae rapidly reproducing and de- 
veloping, highly mobile, and largely dependent on its prey for food. Its distri- 
bution on the host plants is well integrated with that of its prey: it does not 
establish itself except where the prey is present and its activity is directed toward 
these favourable places. The female predators do not feed to any extent on 
prey eggs and move to new prey infestations when all the active prey are eaten, 
leaving behind their own eggs in a colony of prey eggs, both of which hatch at 
about the same time. This favours a wide dispersion “of the predator over prey 
inhabited leaves and ensures that the predator larvae will not hatch on a leaf 
from which all prey have been removed and consequently starve to death. 
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Summary 

Phytoseiulus persimilis Athias-Henriot quickly reduced its prey, Tetrany chus 
telarius (L.), to a very low level on bean plants in a controlled greenhouse 
experiment. On predator free plants T. telarius caused severe damage. The 
attributes of the predator that determine its effectiveness are discussed. 
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Distribution of Cocoons of a Neodiprion Sawfly 
Under Open-grown Conditions 


By R. W. Srark* anp D. L. DaHLsTEN* 


Introduction 

The Neodiprion sawfly studied in this investigation is an undetermined species 
which attacks sugar pine, Pinus lambertiana Dougl., in California. The con- 
ditions of the infested area were particularly suitable for an investigation of some 
of the basic factors affecting distribution of cocoons on the ground. The efforts 
of previous workers (Prebble, 1943; Ives and Turnock, 1959) were complicated 
by dense stand conditions and deep, variable ground cover. The sawfly discussed 
here was found in considerable numbers on an isolated, young sugar pine at 
Grass Valley, California. The tree was 19 feet high, 16 years old, with a diameter 
of 5.5 inches. The infestation was presumed to be recent as no effect on diameter 
growth was found, even though the tree possessed only the current year’s 
foliage. The ground cover was extremely sparse and the soil was a compacted, 
sandy -clay, ty pical of many foothill areas in California. 


These studies should contribute to the improvement of sawfly cocoon 
sampling methods, particularly in open-grown plantations or in widely- -spaced 
forest stands where ground cover is sparse. 


Methods 

A circle, with a diameter of 18 feet was staked out, using the tree as the 
center. This was divided into nine concentric zones of equal area and eight equal 
pie-shaped segments. Each zone in each segment was then divided into eight 
equal sample units, giving a total of 576 samples, 0.442 sq. ft. in area. Each sample 
unit in the outer seven zones was carefully cut out; the soil and litter were 
separated and sifted through three sizes of sieves for cocoons. The soil was dug 
out to a depth of several inches, until it became so compact that it was evident 
no cocoons would be found. It was too difficult to separate the sample units in 
zones 1 and 2, next to the tree trunk, so these were combined. Two samples 
(four sample units each) were taken in each segment in zone 2; all were combined 
in each segment in zone 1. 


1 Assistant Professor, Department of Entomology and Parasitology, University of California, Berkeley. 
2Graduate Assistant, Laboratory Technician. 





444 THE CANADIAN ENTOMOLOGIST June 1961 











“ SEGMENT — 


Fig. 1. Diagrammatic plan (1” = 1’) of nine-foot sampling circle, showing total number 
of cocoons found in each sample, crown projection, shade and litter. 
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Before the samples were dug out, a projection of the tree crown and all brush 
which cast shade, was mapped. As the samples were taken, the presence or 
absence of litter (needles, leaves, etc.) was recorded. Also the daily march of 
shade cast by the sample tree and adjoining trees was recorded for the period of 
study (August 6-24, 1959). As the aestivation period for this species appears to 
be from July to September these shade conditions would be close to those obtained 
at the time of cocoon formation. 

The cocoons found were segregated as sound and of the current generation, 
parasitized, and other, including those apparently destroyed by predators. 
These were later sexed (on the basis of size), and held for emergence. Most of 
these data will be presented in a future publication describing the biology of 
the sawfly. 


There was a large variation in sampling time depending on the presence of 
bushes, litter, condition of the soil, and number of cocoons present. Two men, 
using two sets of sieves, were more than twice as efficient as a single man. The 
time required for a single sample unit ranged from four to 30 minutes for a single 
worker; from two to 11 minutes for a team. A total of 13 man-days was required 
to sample the nine-foot radius circle in the manner described. 
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Fig. 2. The total number of cocoons in each zone and with respect to distance from 
the tree. 


Results and Discussion 


The total number of cocoons per sample are presented in Figure 1. The 
proportion of cocoons in each zone for each segment shows a concentration of 
cocoons near the trunk of the tree; the number drops markedly away from the 
tree trunk even under the crown projection (Table I, Fig. 2). — (1943), 
Ives and Turnock (1959) in their sampling studies showed only a “tendency” to 
decrease from the tree trunk to the projection of the crown. This reduction in 
cocoon numbers with distance from the tree was apparent even where litter and 
shade were available in all zones (Table II, Column 5). 

Over 79 per cent of all cocoons found were under the tree crown. This is 
due, in part at least, to the presence of fairly deep pine needle litter but not 
entirely, as evidenced by the marked reduction in segments 2 and 3 where abun- 
dant shade and litter were available. In segments 1 and 6, where there was no 
shade except that of the tree crown, 90 per cent of the cocoons were found 
under the crown projection and 73 per cent within three feet of the tree trunk. 

The importance of sampling within the crown projection area is evident 
under conditions similar to those found in this study. The system of randomly 
located soil samples within the crown projection area (Prebble, 1943) is felt to be 
more suitable for cocoon sampling in widely-spaced regeneration areas than the 

various stratification of sampling zones (Ives and Turnock, 1959), particularly 
when the latter go beyond the crown projection. 

The importance ‘of shade in affecting cocoon distribution is clearly demon- 
strated in Fig. 1 and Table II. For ex xample, in Segment 5, Zones 4 and 5, a bush 
was present in an area of practically no litter or other shade. E ight sample units 
were covered by this bush and a total of 314 cocoons were found in these samples, 
while only 65 cocoons were found in the 16 unshaded sample units bordering this 
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Proportion of cocoons in each zone for each segment. 
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TABLE II 


Average number of cocoons per zone with respect to ground cover. 


Litter only Shade only Litter and 
present present shade present 

181.0 

50.0 
26.4 22.0 39.2 

| — —_ 

24.9 ae. 29.2 
17.4 25.8 21.9 
4.8 8.0 16.6 
8.5 5.5 14.8 
4.4 8.8 
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Fig. 3. Average number cocoons per sample under different ground conditions. 


shaded area. The effects of litter and shade are further illustrated when each 
sample is classified according to the degree of ground cover (Figure 3). The 
daily march of shade apparently did not affect cocoon distribution. 


A comparison of the number of cocoons found in the litter and soil indicates 
that neither the litter sample alone nor the soil sample alone will give an adequate 
expression of the true population. The lowest number found in the soil was 18 
per cent of the total, in the zone containing the greatest depth of litter (Table 
III). Up to 39 per cent was found in zones containing a small fraction of shade 
and /or litter. This also indicates a tendency for the larvae to burrow in loose soil 
or crevices, where shade is wanting. 


The overall sex ratio of the 1959 cocoons was 1.9 males to 1 female. There 
was an interesting shift in the sex ratio in zones (distance from the tree) which 
indicates that the females are more active in dispersal from the host tree (Table 
IV). If sampling were stratified so that all samples were taken close to the tree 
trunk or outside of the crown projection, a biased sex ratio would be obtained. 
However, if samples were taken to the edge of the crown projection, the average 
found would be close to that found for the total nine-foot circle. Thus Prebble’s 
system (1943) would again be superior to that of Ives and Turnock (1959) for 
circumstances similar to these. 
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TABLE III 


Comparison of total number cocoons found in the litter and soil. 


LITTER SOIL 
Zon 7 
N \ve./sample Pj -— N Ave./sample yin Same 
| 64 148.9 82 64 32.1 18 
2 64 39.6 79 64 10.4 21 
3 32 5.0 76 64 7.9 24 
4 9 19.2 75 64 6.3 25 
5 24 14.7 67 64 7.1 33 
6 23 = 71 64 3.1 29 
7 22 6.2 71 64 20 29 
& 24 3.7 63 64 we 37 
9 29 3.8 61 64 2.4 39 


* Weighted where there were samples without litter. 


The degree of parasitism was also examined from the standpoint of distance 
from the tree and presence of shade and/or litter (Table V). However, as 
parasites are still emerging from cocoons collected in 1959, the figures may 
undergo some change. Considering totals only, there was no differential para- 
sitism of saw fly by sex or by zone (distance from the tree). Shade and litter in 
combination apparently benefited parasite activity to some extent, but it is 
apparent that random location of sample units within the projection of the tree 
crown in representative areas would give a good estimate of parasitism. There 
was a slightly higher incidence of predation at the base of the tree where the 
freatest accumulation of cocoons was found. 


=] 
Summary and Conclusions 

1. The distribution of cocoons in the ground and litter of an undetermined 

Neodiprion species attacking sugar pine was studied. A circle, 18 feet in 


= 
© 


TABLE IV 


Sex ratios of 1959 cocoons in sampling zones. 


Zone 1 2 3 4 5 & 6 7 8&9 


y 2.6 1.6 1.3 0.9 0.6 0.4 0.3 
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TABLE V 
Per cent paeneyeion, of sawfly under differe: nt conditions of ground cover 











; ; , . Litter plus 
Zone Bare soil Litter only Shade only f 


shade 

1 41.6 

2 40.2 

3 26.4 36.9 = 0 42.2 

4 82.2 37.2 35.8 44.5 

5 35.0 20.5 23.3 34.7 

6 18.0 31.6 27.1 34.5 
7 9.6 30.3 27.3 27.0 
8 21.6 31.8 34.5 
9 47.2 25.0 33.1 
Average 26.6 32.8 27.3” 40.9 


* Excluding Zone 3. 


diameter was divided into nine concentric zones and eight pie-shaped seg- 
ments. Each zone in each segment was divided into eight sample units, 
0.442 sq. ft. in area. The circle extended more than six feet beyond the 
crown projection and probably contained most of the cocoons formed by 
sawflies dropping from the sample tree. The tree was isolated so there was 
no overlap of cocoon distribution from other sugar pines. 


2. There was a definite clumping of cocoons at the base of the host tree; the 
number of cocoons decreased markedly from the tree outward, even under 
the crown projection. Over 79 per cent of all cocoons were found beneath 
the crown projection. Where no shade was available beyond the crown, 90 
per cent of the cocoons were beneath the crown. It is concluded that for 
sampling in areas of open-grown regeneration, samples should be taken 
within the crown projection, but should include samples from the tree trunk 
to the crown edge. 


3. The presence of shade other than that cast by the tree crown affects cocoon 
distribution and should be given proportionate weight when sampling. The 
daily march of shade did not appear to affect the distribution. 


4. From 18 to 39 per cent of cocoons found were in the soil. The larger 


numbers were found where shade and/or litter were absent. Neither a litter 
nor a soil sample alone would give a true expression of cocoon populations. 





5. The sex ratio changed from 2.6 males: 1 female at the base of the tree to 0.3 
males: 1 female at the circumference of the circle. This indicates that the 
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females are more active in dispersal. The average sex ratio of 1.9:1 would 
be obtained if all samples were taken within the crown projection area. 


6. There was no differential parasitism with distance from the tree trunk. 
However, shade plus litter apparently benefited parasite activity but random 
location of sample units within the crown projection would give a good 
estimate of parasitism. 


7. There was a slightly higher incidence of predation at the base of the tree 
where the greatest accumulation of cocoons was found. 
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Synopsis of the Nearctic Species of Stenodema Laporte, and 
Description of a New Species from Western Canada 
(Hemiptera: Miridae) 


By Leonarp A. KELton 


Entomology Research Institute 
Research Branch, Canada Department of Agriculture 


Recent study of the male genitalia in the Miridae (Kelton, 1959) showed 
that the Palearctic Stenodema virens (L.) does not occur in North America. The 
six other species that have been reported in the North American literature are: 
dorsalis (Say), vicinum (Prov.), trispinosum Reut., sequoiae Bliven, falki Bliven, 
and imperii Bliven. The three species described by Bliven (1955, 1958) were 
not available to me for study, however, Bliven (1960) has recently published a 
paper containing figures of the male genital claspers of these species. These ap- 
pear to differ considerably from those of virens, vicinum and trispinosum as 
well as amongst themselves. 

In this paper all the known Nearctic species of Stenodema are brought to- 
gether, the distinguishing characters are presented, and a key to species is 
provided. A new species, S. pilosipes, is described from Western Canada, and 
nomen oblitum status is proposed for S. dorsalis (Say). 


Stenodema Laporte, 1832 
Type species of the genus — Stenodema virens (L., 1767) 


Stenodema belongs to the tribe Stenodemini China of the subfamily Mirinae. 
The species are recognized by the elongate and somewhat flattened form; the 
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laterally carinate and deeply punctate pronotum; the longitudinally grooved 
vertex; and the stout first antennal segment bearing long, dense pubescence. 


Species of Stenodema generally feed on grasses, and may be collected in 
meadows, or low lying marshy areas and slough margins. Occasionally they are 
collected on cereal crops such as oats, wheat, and rye. Early in the spring they 
are often collected in small numbers on willows, and on ev ergreens in the fall, 
particularly during the dry seasons. S. sequoiae occurs only on Sequoia. 


Key to North American Species of Stenodema Laporte 


1. Hind femur with three short spines near apex 2 
Hind femur without spines near apex 3 
2. Right genital clasper elongate, curved, with a simple apical process __S. trispinosum Reut. 
Right genital clasper complex, being short, platelike, elliptical in form S. falki Bliven 
3. Species uniformly greenish; second antennal segment pale or brown, 2.5 times the 
width of head or less; tibiae strongly pilose S. pilosipes n. sp. 
Species seldom uniformly greenish, second antennal segment reddish, more than 2.5 
times the width of head; tibiae with slanting bristles 4 


4. Smaller species, generally less than 8.0 mm. long, right clasper elongate, pubescent 
S. vicinum (Prov.) 


L arger species, generally over 8.0 mm. long, right clasper platelike, glabrous 5 
5. Cubitus surrounding large areo!le of membrane strongly bowed; anal ridge and anal 
vein obsolete S. sequoiae Bliven 
Cubitus surrounding large areole of membrane feebly arcuate; anal ridge and anal 
vein normally developed ; S. imperii Bliven 


Stenodema trispinosum Reuter 


Stenodema trispinosum Reuter, 1904:4 


Distinguished by the three short spines near the apex of hind femur, the 
abbreviated frons, and the genitalia (Kelton, 1959). 


Male:—Length, 6.51-8.26 mm.; width, 1.54-1.83 mm. Head: width, 0.85- 
1.05 mm.; light 4 yellow ish-brown, longitudinal line above each eye, brown, some- 
times oboolewe- frons striate and densely pubescent, not projecting over base of 
clypeus; vertex with a short, longitudinal groove. Antenna: I, 0.8-1.05 mm., 
yellow ish-brown, slightly curved, with dense brownish pubescence, II, 2.24-3.08 
mm., reddish-brown; III, 0.98-1.22 mm., reddish-brown; IV, 0.61-0.87 mm., 
reddish-brown. Rostrum 2.1-2.38 mm. long, reaching middle coxa. Pronotum 
1.01-1.27 mm. long, 1.33-1.66 mm. wide; yellowish-brown as the head; lateral 
margins and faint carina at middle, pale; longitudinal brown line continues from 
head across each callus and extending to base of pronotum, sometimes obsolete, 
deeply punctate, pubescence short and pale. Scutellum very similar in colour to 
that of pronotum. Hemelytra straw yellow, often with a broad, longitudinal 
brown line continuing from pronotum ‘and extending to tip of membrane; costal 
margins and veins, pale. Legs olive-brown; hind femur with three short spines 
near apex. 

Female:—Length, 7.14-8.47 mm.; width, 1.82-2.03 mm. Head 0.92-1.19 mm. 
wide. Antenna: I, 0.96-1.19 mm.; II, 2.24-2.73 mm.; III, 1.1-1.27 mm.; IV, 0.7- 
0.72 mm. Pronotum 1.27-1.4 mm. long, 1.61-1.68 mm. wide. General appear- 
ance similar to the male, but colour more greenish and dark markings on dorsum 
reduced. 


The species varies considerably in size, the summer forms being noticeably 
larger than the spring forms. In colour the males are generally straw -coloured 
throughout the year, often with darker markings on head, pronotum, hemelytra, 
and membrane. The females are green in the spring, fading to dull yellow 
through summer and fall. 
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_— examined from: Alaska, Alberta, British Columbia, California, 
Colorado, Georgia, lowa, Labrador, Manitoba, Massachusetts, Michigan, Mon- 
tana, New Brunswick, New Mexico, New York, North Carolina, North West 
Territories, Ohio, Ontario, Oregon, Quebec, Saskatchewan, Tennessee, Washing- 
ton, Yukon Territory. 


Stenodema falki Bliven 
Stenodema falki Bliven, 1958:14 
This species is similar to trispinosum Reut. in size, colour and general ap- 
pearance. According to Bliven, this species is separated from trispinosum by the 
relative proportions of the body and its appendages, and by the male genitalia 
(Bliven, 1960, Fig. 5). 


Male:—Length 7.68 mm. Width 1.67 mm. Head 0.96 mm. wide. An- 
tennae: I, 1.19 mm.; II, 2.86 mm.; III, 1.16 mm.; IV, 0.66 mm. Pronotum 1.26 
mm. long, 1.42 mm. wide. 


Female:—Length 8.32 mm.; width 1.87 mm. 


Described from California, collected on grasses, 


Stenodema dorsalis (Say) 
Miris dorsalis Say, 1832:26 


This species was described from Eastern North America, and the name ap- 
peared in the catalogues of Walker (1873), Uhler (1886), Smith (1890), and 
Banks (1910). Van Duzee (1917) and Carvalho (1959) placed dorsalis in the 
genus Stenodema. In so far as I can learn S. dorsalis (Say) has not been 
recognized since the description of the species was published by Say. I therefore 
propose that the name be considered as nomen oblitum. 


Stenodema vicinum (Provancher) 

Viris vicinus Provancher, 1872:77 
Viris instabilis Uhler, 1875:836 
Miris affinis Reuter, 1875:59 
Stenodema affinis, Van Duzee, 1912:320 
Stenodema vicina, Van Duzee, 1916:235 

Usually distinguished by the reddish second antennal segment, reddish-brown 
hemelytra, with the margins pale; the short, slanting bristles on the hind tibia, 
and the male genitalia (Kelton, 1959). 


Male:—Length 6.65-7.63 mm.; width 1.57-1.9 mm. Head: width, 0.85-0.96 
mm.; yellowish-brown, broad line on frons each side of middle, black; frons 
striate and densely pubescent; vertex with a short longitudinal groove. Antenna: 
I, 0.87-1.01 mm., slightly curved; yellowish-brown to almost black, with dense 
slanting pubescence, li, 2.52-3.29 mm., mostly reddish to reddish-brown; 
pubescence short and appressed; IIIf, 0.91-1.22 mm., reddish-brown; IV, 0.7- 
1.05 mm., reddish-brown. Rostrum 2.1-2.38 mm. long, reaching posterior tips 
of middle coxae. Pronotum 1.05-1.31 mm. long, 1.43-1.68 mm. wide; yellowish- 
brown, lateral margins and faint carina at middle, pale; two longitudinal, broad 
lines extending across calli, black, often not reaching basal margins of pronotum, 
and sometimes obsolete; densely punctate, pubescence short and appressed, 
yellowish. Scutellum very similar in colour to that of pronotum. Hemelytra 
light reddish-brown at middle, costal —. and veins, pale. Membrane fuscous, 
veins generally reddish, but often pale. Legs greenish-brown to dark brown; 
femora spotted; hind tibia with slanting yellowish bristles. 
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Female:—Length, 7.0-8.54 mm.; width, 1.75-2.03 mm. Antenna: I, 0.99-1.06 
mm.; II, 2.73-3.29 mm.,; III, 1.12-1.33 mm.; IV, 1.05-1.16 mm. General appear- 
ance very similar to the ie but second antennal segment more pubescent at 
base; and pronotum and hemelytra more greenish. Black markings on head, 
pronotum and hemelytra greatly reduced. 


In addition to grasses, this species was also taken in small numbers on Rubus 
spp., Thuja spp., and Taxus spp. 


Specimens examined from:—Alberta, British Columbia, California, Colorado, 
Connecticut, Georgia, lowa, Kansas, Labrador, Maine, Manitoba, Massachusetts, 
Michigan, Missouri, New Brunswick, New Hampshire, New York, North Caro- 
lina, North West Territories, Nova Scotia, Ohio, Ontario, Quebec, Saskatchewan, 
South Carolina, South Dakota, Tennessee, Virginia, Washington, West Virginia, 
and Yukon Territory. 


Stenodema sequoiae Bliven 
Stenodema sequoiae Bliven, 1955:8 
According to Bliven (im litt.) this species is not so closely allied to vicinum 
(Prov.) as formerly supposed, but is larger, rufous in colour with bright red 
veins, and a widely different type of male genitalia (Bliven, 1960; Fig. 3). It is 
separated from the other species by the characters given in the key. The species 
was described from California, being an obligate of Sequoia. 


Stenodema imperii Bliven 
Stenodema imperii Bliven, 1958:14 


Bliven states, “closely allied to sequoiae Bliven but is at once distinguished 
by the much stouter antennae with second joint consistently longer, by the 
strongly declivous pronotum, by the head being more conically produced 
superiorly with eyes more prominent and vertex narrower, by the strongly- 
developed notches on both sides of cuneus at base and by the fact that cubitus 
surrounding large areole of membrane is but feebly arcuated contrasted with 
the strongly bowed condition found in sequoiae. It’ may be noted that the anal 
ridge and anal vein are obsolete in the last mentioned species but normally de- 
veloped in imperii ...” The male genital claspers are illustrated (Bliven, 1960; 
Fig. 4). 


Described from California, collected on grasses. 


Stenodema pilosipes new species 
This species has the appearance of vicinum, except for the olive-green colour; 
shorter, and brown second antennal segment; wider black vittae on head and 
pronotum; black mesoscutellum; and prominent bristles on hind tibiae. 


Male: —L ength, 6.93-7.84 mm.; width, 1.68-1.96 mm. Head: width, 0.81- 
0.98 mm.; greenish- yellow, broad longitudinal line each side of middle extending 
to vertex, ‘black; frons striate, pubescence dense and yellowish; vertex with a 
short longitudinal groove. Antenna: I, 0.7-1.02 mm., slightly curved; greenish- 
brown to brown, pubescence brown and more erect than in vicinum; II, 2.17- 
2.8 mm., brown to reddish-brown, pubescence short; III, 0.84-1.22 mm., reddish- 
brown; IV, 0.66-0.78 mm., reddish-brown. Rostrum 2.24-2.52 mm. long, reach- 
ing posterior tips of middle coxae. Pronotum 1.13-1.31 mm. long, 1.5-1.75 mm. 
wide; dull olive-green, lateral margins and carina at middle pale; longitudinal 
black line each side of middle as wide as callus, gradually narrowing towards 
base of pronotum but not reaching it; densely and deeply punctate, pubescence 
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appressed, whitish. Scutellum dull yellowish-green, stripe at middle, pale; spot 
at base each side of middle, black. Mesoscutellum black. Hemelytra olive- 
green, veins and lateral margins pale; narrow areas on clavus and corium, 
brownish; pubescence appressed, white; membrane fuscous, veins generally pale. 
Legs dull green, spotted with brown; hind tibia with white, almost erect bristles. 


Female:—Length, 7.35-8.68 mm.; width, 1.89-2.17 mm. Very similar to the 
male but second antennal segment more pubescent at base, colour more greenish, 
with dark markings on hemelytra reduced. 

This species is found on grasses usually in association with vicinum and 
trispinosum, but its distribution is limited to Western North America. 

Holotype:—Male, Elkwater Park, Alberta, May 23, 1952; A. R. Brooks. 
No. 7306 in the Canadian National Collection of Insects, Ottawa. 

Allotype:—Female, same data as for holotype. 

Paratypes:—105 4 4, 104 2, from the following localities: ALBERTA: 
Athabaska, 12.VIII.1915 (E. H. Strickland); Banff National Park, 17.VI.1950 
(B. P. Beirne), and 13.VII.1955 (R. Coyles); 13 mi. W. Banff, 11.VII.1955 
(R. Coyles), and 14 mi. W. Banff, 23.VIII.1955 (J. R. McGillis); Clarinda, 
15.V1.1952 (L. A. Kelton); Crow’s Nest Pass, 9.V1.1930 (J. H. Pepper); Drum- 
heller, 11.VIII.1957 (A. R. & J. E. Brooks); Elkwater Park, 16.VII.1952 (L. A 
Kelton), and 25.VII.1952 (A. R. Brooks); Elkwater Lake, 21.VII.1956 (O. Peck); 
Frank, 18.VI.1952 (L. A. Kelton); Lethbridge, 17.V.1930 (J. H. Pepper), 
29.VI1.1938 (R. W. Salt), 25.V1.1956 (E. E. Sterns), and 6.VII.1956 (O. Peck), 
Manyberries, 25.VI1.1952 (A. R. Brooks & L. A. Kelton), and 4.VI.1956 (E. E. 
Sterns); Milk River, 16.V1I.1952 (A. R. Brooks), and 5.V1.1955 (J. Vockeroth); 
Onefour, 5.V1.1955 (A. R. Brooks), 31.V.1956 (E. E. Sterns), and 13.V1.1956 
(O. Peck); Pincher Creek, 7.V1.1956 (E. E. Sterns); Waterton, 4-7.VII.1923 
(J. McDunnough), and 18.V1I.1956 (O. Peck). Brirish CotumBia: Atlin, 6.VI. 
1955 (B. A. Gibbard); Chilcotin, 10.VIII.1930 (G. J. Spencer); Clinton, 20.VII. 
1938 (J. K. Jacob); Doe River, 30.V.1940 (C. L. Neilson); Eva Lake Trail, 
Revelstoke, 19.VIII.1952 (G. J. Spencer); Hedley, 31.VII.1953 (J. E. H. Martin); 
Kelowna, 14.VII.1950 (B. P. Beirne); Kootenay Park, 15.VII.1955 (R. Coyles) ; 
Manning Park, 14.VIII.1953 (J. R. McGillis) ; ‘Mission City, 27.VI1.1953 (G. J. 
Spencer) ; Mt. Harry, 6200’, Revelstoke, 11.VIII.1952 (G. J. Spencer); Mt. Revel- 
stoke 5800’, 5.VIII.1952 (G. P. Holland), and 12.VII.1952 (G. J. Spencer); 
Okanagan Falls, 16.V1.1953 (J. R. McGillis); Oliver, 10.V.1923 (C. B. Garrett); 
Osoyoos, 22.V.1953 (D. F. Hardwick); Soda Creek, 20.VI.1951 (H. R. Mac- 
C arthy); Sproat L ake, 22.V1.1953 (R. Coy les); Summerland, 11.VII.1950 (B. P. 
Beirne); Vernon, 22.VII.1926 (D. G. Gillespie). Manitosa: Churchill, 7.VII. 
1937 (W. J. Brown). Norru Wesr Territories: Aklavik, 17.V1I.1953 (C. D. 
Bird); Ft. Norman, 6.VII.1922 (C. H. Creckmay); Reindeer Depot, 8. VII.1948, 
and 13.VIII.1948, (W. J. Brown); Yellowknife, 10.VII.1949, (E. F. Cashman); 
10-19. VIII.1949 (R. R. Ball), and 6.V1.1953 (J. G. Chillcott). SaskaTtcHEWAN: 
Assiniboia, 15.V1.1955 (A. R. Brooks); Cypress Hills, 28.V.1952 (L. A. Kelton), 
Gascoigne, 23.VIII.1957 (A. R. & J. E. Brooks); Saskatoon, 18.V.1949 (L. A 
Kelton); Val Marie, 11.V1.1955 (A. R. Brooks). Yukon Territory: Rampart 
House, 6. VII.1951 (J. E. H. Martin); Whitehorse, 22.V11.1950 (R. H. Robertson). 
Specimens of this species were also examined from Arizona, California, Colorado, 
Montana, New Mexico, Oregon, and Washington. 

Paratypes are deposited in the Canadian National Collection of Insects, 
Ottawa; United States National Museum, Washington, D.C., University of Cali- 
fornia, Berkeley; and the B. P. Bliven Collection, Eureka, California. 
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Summary 

Stenodema virens (L.) does not occur in the Nearctic region. Key to North 
American species and their distinguishing characters are provided, and a new 
species, S. pilosipes, is described, and nomen oblitum status is proposed for S. 
dorsalis (Say). S. vicinum and trispinosum are w idely distributed in North 
America, while pilosipes is known only from Western North America; sequoiae, 
imperii, and falki are known only from California. All species of Stenodema are 
general grass feeders, except sequoiae which is an obligate of Sequoia. 
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Parasites and Hyperparasites of the Satin Moth, Stilpnotia salicis 
Linnaeus, (Lymantriidae) in British Columbia’ 


By R. R. Lejeune anno G. T. SiLver 


Forest Biology Laboratory, Victoria, British Columbia 


Introduction 

The satin moth, occurring widely throughout Europe and Asia as a defoliator 
of poplars and willows, was first found in North America near Boston, Mass., in 
1920. It was first noted in the Maritime Provinces in 1930 (Reeks and Smith, 
1956). During 1920 it was found in New Westminster, British Columbia, and in 
1921 a larger infestation probably of several years’ standing was discovered in 
Vancouver, which Glendenning (1932) believes to be the original point of intro- 
duction into British Columbia. In 1922 the insect was discovered at Bellingham, 
Washington, and it has since spread throughout western Washington and Oregon. 

Information on the spread of the satin moth in British Columbia is given by 
Glendenning (1932) and Condrashoff (1957). Glendenning records the insect 
as having spread up the Fraser Valley as far as Hope and Yale, northeasterly from 
Howe Sound to Seton Lake, northward on the mainland coast to Powell River, 
and on the eastern coast of Vancouver Island from Victoria to Campbell River, 
by 1932. Condrashoff chronicled subsequent advances into the interior of British 
Columbia, apparently by two main routes, the Fraser River Valley and the Lillooet 
River Valley. Following are some representative dates showing first records of 
occurrence along the Fraser River route: Keefers 1933, Lytton, 1945, Ashcroft 
1949, Kamloops 1950, and Vernon 1955. Along the L illooet River route the satin 
moth was recorded at Lillooet in 1935 and Clinton in 1946. 

The primary hosts of the satin moth are poplars and willows, and feeding 
on many species of these has been reported from different regions. It has also 
been found feeding on oak, and in this study occasionally on crabapple and 
Amelanchier. During initial establishment the insect fed mainly on introduced 
poplars and willows but this was followed by a gradual adaptation to native 
poplars and willows, particularly trembling aspen (Populus tremuloides Michx.) 
and black cottonwood (P. trichocarpa Torr. and Gray). 

In Europe the satin moth is not usually considered a serious pest (Jones et al., 
1938). On this continent, however, severe outbreaks have occurred, and are 
continuing to occur, particularly where the insect has become recently estab- 
lished. These outbreaks are primarily of a nuisance value on shade trees in resort 
or residential areas, although trees have been killed after repeated defoliation. 

Although a number of native enemies were found to attack the satin moth 
they appeared inadequate to effect control by themselves. Accordingly the 
United States Bureau of Entomology in 1926 made arrangements to import suit- 
able parasites from central Europe. The braconids Apanteles solitarius (Ratz.) 
and Meteorus versicolor (Wesm.) were introduced to New E ngland in beg in 
addition to several other species that failed to become established or proved 
ineffectual (Clausen, 1956). The tachinid Compsilura concinnata Meig. and the 
chalcid Eupteromalus nidulans (Thoms.), which had been brought in some twenty 
years earlier for control of the gypsy and brown-tail moths, were found to attack 
the satin moth also. These four species were colonized in Washington State from 
1929 to 1934 and in British Columbia (Baird, 1938) during the same period. 

It appeared from records of the Canadian Insect Pest Review from 1928 to 
1937 that populations of the pest decreased following the introduction of its para- 
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sites. In order to evaluate more precisely the effect of native and introduced 
parasites, studies were carried out by M. L. Prebble, G. R. Wyatt (1945), and K. 
Graham on Vancouver Island from 1941 to 1944. Their records provide the 
framework for this paper and we gratefully acknowledge their permission to make 
free use of their data. More recent records obtained by the Forest Biology 
Laboratories at Vernon and Victoria are incorporated w here they are useful for 
showing comparisons or trends. We wish to thank Dr. D. A. Ross, Officer-in- 
Charge ‘of the Forest Biology Sub-Laboratory at Vernon, and Mr. D. Evans, Forest 
Biology Laboratory, Victoria, for directing the 1959 rearing program in British 
Columbia. We also gratefully acknow ledge permission given by J. H. McLeod, 
Biological Control Research Institute, Belleville, Ontario, to use records collated 
by him. 


Scope and Methods of Study 


The periodic collections that provide the basis of this study were taken from 
Goat Island in the south arm of Cowichan Lake, Vancouver Island. An open 
stand of trembling aspen grows on the margin of the Island, with occasional black 
cottonwoods and patches of willows. The infestation was first noted in 1941 and 
continued during the three-year rearing program. Collections were also made as 
occasion allowed at V ictoria, Vancouver, and locations in the Fraser V alley. 


At Goat Island, collections of several hundred larvae were made at intervals 
of a week or ten days during the feeding seasons of 1942 to 1944, for study of 
parasitism. Several lots of preserved larvae were used to measure head-capsule 
widths in order to provide a means for segregating instars. 


To study hyperparasitism of the satin moth, cocoons of Apanteles and 
Meteorus were collected periodically from trees in the field. At the end of the 
seasons of 1943 and 1944 large collections of all of the year’s cocoons, both intact 
and emerged, were made from trees that had previously not been sampled, to be 
analysed for emergence of primary and secondary parasites. 

In 1959 similar series of periodic collections of satin moth larvae and A panteles 
and Meteorus cocoons were made at Victoria, and at Vernon and Winfield in the 
interior of British Columbia. The objectives were; (1) to compare the present 
parasite situation at Victoria with the 1942-44 period, and (2) to compare para- 
sitism in the long-established population on Vancouver Island with newly invaded 
areas in the Interior. No parasites have been released at or near these two interior 
areas. 


Life History of the Satin Moth 
Eggs are laid during early July until late August in flat masses of 100 to 200, 
covered with spumaline. Eggs are found on the trunks, tw igs, and leaves of the 
host tree, on pupation webs, and also indiscriminately on plants unsuitable for food 
and other objects such as logs. The incubation period is from 13 to 16 days and 
hatching takes place from mid-July until late August. 


First-and second-instar larvae skeletonize the foliage. The first instar lasts 
from six to 10 days. Second-instar larvae feed for about a week, then spin hiber- 
nacula mostly in sheltered crevices or under moss on the tree trunks, and enter 
hibernation as the third instar. 

Larvae begin to emerge from hibernacula about the end of April. After 
feeding for a few days, the larvae descend to the trunk for their third moult. 
From the fourth instar on they consume large portions of the leaves. There are 
seven larval instars. 
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TABLE I 


Head-widths of satin moth larvae, in millimetres, for instars III to VII. 
Goat Island, 1944 


Ill IV Vv VI VII 
Statistic ae - i. eee eee ee eee 
rot 9 rot 9 rot ? 
Mean width 0.67 0.98 1.54 1.59 2.45 2.60 3.67 3.84 
Range 0.61-0.74/0.84-1.08 1.23-1.84/1.45-1.77|2.08-2.95|2.05-3 .07|3.20-4.07|3.27-4.31 
Standard 
deviation 0.082 0.172 0.150 0.313 0.20 0.24 0.218 0.279 
n 94 81 16 16 67 62 50 43 


Pupation commenced on Goat Island in mid- June and by the beginning of 
July most insects were in the pupal stage. Pupation is usually on the host tree; 
this stage lasts about 10 days. 

Most moths on Goat Island emerged during July. They mate a few hours 
after emerging and begin to lay eggs soon after. Egg laying continues for about 
five days. 

Head- -capsule measurements were made to prov ide an absolute criterion for 
instar identification. Table I shows the results of measurements from random 
collections of larvae from Goat Island. First- and second-instar larvae were not 
available during the early part of the year. Measurements were made in arbitrary 
units of an eyepiece inicrometer, then converted to millimetres. 

Discrete ranges are evident for all groups. Segregation of the sexes in instars 
VI and VII assists in the establishment of more distinct boundaries. It should be 
noted that male head capsules are smaller on the average than female head capsules. 
The head-capsule widths agree closely with those published by Glendenning 
(1932) and agree fairly well with those given by Burgess and Crossman (1927). 
Their figures are shown below for comparison. 


I II III IV V VI Vil 

- A ——————eEw = — 

Glendenning 0.45 0.58 0.65 0.9 1.5 2. 5 | 4.2 
Burgess and Crossman 0.43 0.55 0.63 0.95 2 3 4.5 


Parasites of the Satin Moth 
Egg Parasites 

No egg parasites were obtained in collections from Goat Island in 1944, nor 
by Glendenning from egg masses collected in British Columbia in 1920 and 1921. 
A few unidentified parasites were obtained from eggs collected in the Kamloops 
area in 1955. In New England Trichogramma minutum Riley, Telenomus cali- 
fornicus Ashm., and Ooencyrtus kuwani (Howard), an imported parasite of the 
gypsy moth, were reared in small numbers from satin moth material (Jones et al., 
1938, and Burgess and Crossman, 1927). 


Larval Parasites 
The most abundant larval parasites were the introduced braconids Apanteles 
solitarius and Meteorus versicolor. The only other primary hymenopterous para- 

















XClil THE CANADIAN ENTOMOLOGIST 459 


TABLE II 


Percentage parasitism in larval collections of satin moth from 
several points in British Columbia, 1941 to 1959 














Dates Number |__ PRESS ce SRE ae, ERE ee 
Locality collected larvae Unid. 
reared | A.s. | M.v. | T.s. | E.m. | C.c. & | Total 
others 

Goat Island May 1-July 3, 

1942 2,715 8.1 1.8 0.3 0.04; 0 0.1 10.4 
Goat Island May 8—June 26, 2,372 6.0 6.2 1.0 0 0.2 0 13.4 

1943 
Goat Island May 19-July 13, 

1944 1,627 ome | 22.3 1.4 0.74) 0.1 0.4 | 20.5 
Victoria May 18-—July 17, 1,242 5.8 1.0 0.2 0 0.2 0.3 7.6 

1944 
Victoria July 5-15, 1954 553 0.4 5.1 0.2 0 0 4.2 | 9.8 
Victoria May 14-July 3, 

1956 541 5.0 .04 2.4 0 0 4.2 | 12.0 
Victoria June 6-9, 1958 630 0.5 0 pi 0 0.3 3.0 6.5 
Victoria May 11~—July 13, 1,639 2.8 0.2 0 0 0 2 4.2 

1959 
Misc. lower 
mainland and 
Vancouver Is. | June 4~9, 1941 298 - ee 1.0 0 11.4 9.1 | 36.6 
Vancouver? 1951 259 5.4 | 39.4 0 0 19.3 0 64.1 
Nanaimo May 11-18, 1956 123 1.6 | 22.0 8.1 0 0 9.8 | 41.5 
Courtenay June 4, 1956 203 0 0 0 0 ou.8 OS | 22a 
Vernon May 11-—July 10, 

1959 1,045 9.8 0 3.4 0 0 0.7 13.8 
Winfield May 21-—June 25, 

1959 870 | 0 0.9 0 0 Ls | 32 

i A panteles solitarius M.v. — Meteorus versicolor 
Tachinomyia similis £. Compsilura concinnata 


A.s 
T.s 
E.m.— Exorista mella 
2 


27. H. McLeod, Belleville, Ontario. In correspondence. 


site recovered from larvae was Apanteles polychrosidis Vier., represented by a 
single specimen. 
A fairly extensive series of Diptera was reared from late-instar larvae, includ- 
ng the native tachinids Achaetoneura frenchii Will., Exorista mella Walk., 
Tachinomyia similis Will., and the polyphagous European species Compsilura 
concinnata Meigen. Sarcophagids recovered included Agria affinis Fall., and 
Sarcophaga aldrichi Park. 


Parasites recovered from rearings from Goat Island and various points on the 
lower mainland for the years 1941-44, from Forest Insect Survey rearings from 
1954 to 1958, and from periodic collections from Victoria and two interior points, 
Vernon and Winfield, in 1959, are shown in Table II. 


General seasonal trends of parasitism by Apanteles and Meteorus in the Goat 
Island population were studied for the three-year period 1942-44. Apanteles was 
the predominant species in 1942, when incidence was as high as 14 per cent in 
individual larval collections. The incidence decreased to a range of zero to 
eight per cent in collections obtained in 1944. 


Meteorus appeared to exhibit a trend of increasing abundance during the three- 
year period. Parasitism of the various larval collections was in the order of zero 
to five per cent in 1942, increasing to a maximum of 30 per cent in the second- 
generation peak in 1944. Field collections of cocoons on Goat Island in 1945 
indicated that Meteorus outnumbered Apanteles in the order of three to one. 
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TABLE III 


Percentage parasitism in pupal collections of satin moth, 
Goat Island and Victoria, B.C. 


% of pupae killed by parasites! 
Dates Pupae 


Locality collected reared 
T.s. | Em. | U.D. | U.s. | M.v. | Lo. | Total 
Goat Island July 3, 1942 99 3 ee. 
Goat Island June 16—July 7, | 
1943 584 | 1 
Goat Island June 26—July 26, 
1944 433 7 6 2 27 2 1 38 
Victoria July 17, 1944 45 1 | 1 
'T.s. Tachinomyia similis U.S. — Unidentified sarcophagids 
E.m. Exorista mella M.v. Meteorus versicoior 
U.D. Unidentified Diptera .o. Itoplectis obesus 


It is of interest to compare the 1944 records from Victoria with those obtained 
from 1954 to 1959. The range of total parasitism does not appear to have changed 
appreciably over the years, but the relative abundance of Apanteles and Meteorus 
fluctuated greatly. Other noteworthy features are the high incidence of Meteorus 
in the Vancouver and Nanaimo collections, the absence of Meteorus from the 
Vernon and Winfield collections in the Interior, and the relatively high percentage 
of larvae parasitized by the introduced tachinid, Compsilura concinnata in the 
Vancouver and Courten nay collections. 

Two types of disease found on Goat Island should be mentioned. A fungus, 
which was not a killed between 10 and 20 per cent of one lot of larvae 
collected on May 1, 1942. On May 8, 1943, a number of small dead larvae were 
found, apparently killed by a fungus. Occasionally some larvae in the laboratory 
and the field were killed by what may have been a ‘poly hedral disease. However, 
microscopic examination failed to disclose polyhedral bodies. 


Pupal Parasites 

All the Diptera recorded as larval parasites, except Achaetoneura frenchii, 
were also recovered from pupae. In addition 11 puparia of an undetermined 
tachinid, two specimens of Meteorus versicolor, and one Itoplectis obesus Cush. 

(Ichneumonidae) issued from satin moth pupae collected in 1944. Tritneptis 
hemerocampae Girault was reared by Glendenning from five pupae from Van- 
couver and New Westminster in the years 1920 to 1922. He also obtained 
occasional specimens of the ichneumonids Ephialtes pedalis Cress., and Theronia 
atalantae (Poda). 

A summary of parasites recovered from pupal collections at Goat Island 
during the period 1942-44 is shown in Table III. Collections before and after 
this period were too small to provide significant data. During 1959 satin moth 
pupae were scarce at Victoria and the interior areas. 


Annotated List of Primary Parasites 
Apanteles solitarius (Ratz.) (Hymenoptera: Braconidae) 

This is one of the first parasites imported from E “urope, W here it is widely 
distributed and abundant. It possesses an exceptional capacity for quick establish- 
ment. 

Liberations in western North America have been made as follows: 

1) 80 males and 187 females in 1932 at Kent, Washington. Within two years 

Apanteles were found in all satin moth infestations examined in the State, 
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more than 100 miles from the point of liberation (Jones, Webber, and 
Dowden, 1938). 


2) 736 individuals on May 27, 1933, at Nicomen Island. 


3) 1,500 satin moth larvae and 60 Apanteles cocoons from Nicomen Island 
were realesed at Lillooet in May, 1934 (Mathers, 1939). 


Apanteles became established at all liberation points, and has also been 
collected at most other areas where the satin moth is known to occur. 

Parker (1935) described and discussed the general biology and life history of 
Apanteles solitarius. \t may pass the winter as a first-instar larva within the host, 
or, more rarely in British Columbia, as a prepupal larva in its cocoon. With the 
commencement of host activity in the spring the Apanteles larva quickly completes 
its dev elopment, issues from the host, and spins a white silken cocoon. The adults 
emerging about mid-May may re-attack the small satin moth larvae immediately. 
Dev elopment is rapid and the cocoon stage is reached again two to three w eeks 
after oviposition. Some adults issuing from these second-gener ration cocoons 
may oviposit again in the overwintered host generation but most wait for ovi- 
position on the new generation of satin moth, w hich appears in late July or August. 
Most of these Apanteles pass the winter in the host as first-instar larvae but a few 
complete their development and overwinter as cocoons or emerge and oviposit 
again. 


Meteorus versicolor (Wesm.) (Hymenoptera: Braconidae) 

This is a variable species with at least two biological races, claimed to be 
morphologically indistinguishable but distinct in host preference (Proper, 1931). 
Attempts to establish Meteorus in eastern North America as a parasite of the satin 
moth are generally considered to be unsuccessful (Burgess and Crossman, 1929; 
Jones et t al., 1938; Reeks and Smith, 1956). The liistory on the Pacific Coast is 
very different, however. During 1932-34, 5,590 adults were liberated in Washing- 
ton State and the species has since become established over the greater part of the 
satin moth’s range there. In British Columbia, 520 individuals were released at 
Lillooet in 1934 (Baird, 1938). There was no evidence of early establishment but 
recoveries were made in 1941 at Cowichan Lake, Victoria, Vancouver, and near 
Mission. More recent records include recoveries at Savona near Kamloops (1949), 
and Nanaimo (1956). 


Observations on the life history in British Columbia agree closely with those 
in Europe given by Brown (1931). The larva hibernates as a first instar within 
the host and completes dev elopment with the resumption of host activity in the 
spring. The fully grown larva issues from the host and spins a tough golden- 
brown cocoon suspended by a strong silken thread. On Goat Island cocoons 
appear about the third w eek of May and the first- generation adults early in June. 
A second generation follows immediately, the parasite emerging normally from 
the last host instar. Adults of the second generation oviposit in the young larvae 
of the new satin moth generation. The discrete division of Meteorus life cycle 
into two distinct gene! rations contrasts with the overlapping and variable gener- 
ations of Apanteles. The comparison in number of newly spun cocoons of each 
species collected during 1944 is shown in Table IV. On each of the dates men- 
tioned in Table IV the trunks of the same series of trees were carefully cleared of 
parasite cocoons. 


Apanteles polychrosidis Vier. (Hymenoptera: Braconidae) 
One specimen was obtained from a satin moth larva in 1943. 
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TABLE IV 


Number of newly spun cocoons obtained from parasite 
collection trees, Goat Island, 1944 


Date A panteles Meteorus 
June 1 36 35 
June 9 76 3 
June 16 29 0 
June 26 15 4 
July 6 71 189 


Itoplectis obesus Cush. (Hymenoptera: Ichneumonidae) 

Normally a parasite of tortricids, one specimen was recovered from a satin 
moth pupa in 1944 and four specimens appeared as secondary parasites from 
Meteorus cocoons in 1943 and 1944. 


Eupteromalus nidulans (Thomson) (Chalcidoidea: Pteromalidae) 

This species was introduced to New England from Europe against the brown- 
tail moth in 1905 (Proper, 1931) and became established but proved generally 
ineffective. In 1926 it was found attacking satin moth although it also acts as a 
secondary parasite attacking Apanteles and Meteorus. 

Between 1931 and 1934, adults were liberated in Washington State and the 
species became established (Jones et al., 1938). In 1933 and 1934 nearly 12,000 
adults were liberated at Boston Bar, Chilliwack, Lillooet, Rosedale, and Seton 
Lake, in British Columbia, (Baird, 1938) but there is no evidence that the species 
has become established. 

Tachinomyia similis Will. (Diptera: Tachinidae) 

This was the most regularly recovered of the native Diptera in Washington. 
Also, it was constantly present in rearings from Goat Island but was of little value 
in controlling satin moth (see Table II). The eggs, laid on the host larvae, were 
often abundant, but many were shed with the larval moults. It has one generation 
annually and requires no alternate hosts. 

Exorista mella Wik. (Diptera: Tachinidae) 

This native parasite has two complete generations, requiring an alternate host. 
Achaetoneura frenchii ( Will.) (Diptera: ‘Tachinidae) 

This widespread species attacks a number of lepidopterous larvae and pupae. 
Only two specimens were obtained, from larvae collected at Goat Island in July, 
1942. 


Compsilura concinnata Meig. (Diptera: Tachinidae) 

This European parasite was imported to America in 1906 against the gypsy 
and brown-tail moths (Burgess and Crossman, 1929), and has spread widely on 
many native hosts (W ebber and Schaffner, 1926). Schaffner (1934) lists 132 
species of Lepidoptera and six species of Tenthredinoidea as hosts. 

Compsilura was introduced into Washington State during 1929-34 and became 
established. About 3,500 Compsilura were liberated at Agassiz, Coquitlam, 
Lillooet, and Seton Lake in British Columbia from 1920-34 but it was not recovered 
from satin moth until 1941. During 1941-43 it was collected from various main- 
land points and in 1944 it turned up unexpectedly at both Victoria and Cowichan 
Lake. It has also appeared in surprisingly large numbers at Vancouver and 
Courtenay (see Table II). 

Compsilura was recovered from satin moth larvae collected from mid-June 
to mid-July. It almost always issues from the larval stage of the host. 
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TABLE V 
Total number of hyperparasites recovered from cocoons of A panteles 
and Meteorus from 1941-44 and in 1959 


ex A panteles ex Meteorus 
Species (765 cocoons) (568 cocoons) 
Chalcidoidea 
Amblymerus sp. 6 0 
Dibrachys cavus (WIk.) 1163 231 
Eupelmus spongipartus Foerst. 21 13 
Habrocytus sp. 64 128 
Pediobius tarsalis (Ashm.) 2 0 
Tetrastichus sp. 151 30 
*Tritneptis hemerocampae Grit. 80 2 
Undetermined 4 0 
Ichneumonidae 
Alegina apantelis (Cush.) 1 0 
Alegina sp. 13 1 
Gelis keenii (Hgtn.) and Gelis males 0 3 
Gelis tenellus (Say) 44 294 
Haplaspis mandibularis ( Prov.) 2 0 
Hemiteles spp. 6 1 
Itoplectis 4-cingulatus (Prov. ) 0 16 
Mesochorus? frontalis Ashm. 92 1 
Mesochorus sp. 1 0 
Thysiotorus latifrons Cush. 0 6 


*Recovered in 1959 only. 


Sarcophaga aldrichi Parker, Sarcophaga sp., and Agria affinis (Fall.) 
(Diptera: Sarcophagidae) 

Satin moth, pupae collected in the field sometimes yielded considerable num- 

bers of sarcophagid maggots. . 
Hyperparasites 

Hyperparasites are an important component of the biological complex. The 
total number of the various species of hyperparasites recovered from cocoons of 
Apanteles solitarius and Meteorus versicolor during 1941-44 and in 1959 are listed 
in Table V. 

Dibrachys cavus (W\k.) averaged 2.3 per attacked Apanteles cocoon and 5.0 
per Meteorus cocoon. In one instance four Tetrastichus emerged from one 
Apanteles cocoon. In all other instances with Tetrastichus and the other species 
listed in Table V, each parasitized Apanteles or Meteorus produced one hyper- 
parasite. 

Of particular interest is the appearance of Tritneptis hemerocampae Grit. 
as the only hyperparasite from both the Victoria and interior collections in 1959. 

The total effect of hyperparasites on A. solitarius and M. versicolor on Goat 
Island during 1943 and 1944 is shown in Table VI. 

In 1959 hyperparasites emerged from 28 per cent of the field-collected 
cocoons of Apanteles at Victoria, and seven per cent of the Meteorus cocoons. At 
Vernon hyperparasites emerged from 28 per cent of the Apanteles cocoons; no 
parasite cocoons could be found on the trees at Winfield. 

Often a high percentage of Apanteles, in some collections as much as 43 per 
cent, died from unknown causes in the cocoon, usually in the larval or pupal stage. 
Although a number of these probably died as a result of feeding punctures by 
hyperparasites, the number was not proportional to the abundance of hyper- 
parasites. Furthermore, considerable unexplained mortality occurred in Apanteles 
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TABLE VI 
Mortality of Meteorus and A panteles in cocoons on Goat Island, 1943 and 1944 
No. of Adults Died in Killed by 
Year cocoons emerged cocoon hyperparasites 
w// . € W/, 
Veteoru . 
1943 143 27 59 
1944 328 (0) 25 55 
A panteles 
1942 617 54 1 28 
1944 689 40 17 43 


cocoons never exposed to secondary parasites. This mortality amounted to 33 per 
cent of 66 Apanteles cocoons from Goat Island in 1944, and 31 per cent of 67 
Apanteles cocoons from Victoria in the same year. It is suspected that death 
resulted in many cases from injury in handling or unsuitable physical conditions 
in the emergence jars. This explanation would also seem to apply to the con- 
siderable mortality among Meteorus. 


Notes on Hyperparasites 
Chalcidoidea 
Dibrachys cavus (Walker ) 

This is the most consistently recovered of all hyperparasites. More were 
recovered from Apanteles than from Meteorus. Dibrachys was also obtained 
from puparia of Compsilura. During the 3-year period 1942 to 1944 Dibrachys 
seemed to increase in abundance on Goat Island. In one instance two dead 
Dibrachys pupae were found on a dead Gelis tenellus pupa within a Meteorus 
cocoon. 


Tetrastichus sp. 
May act as a secondary parasite on Apanteles and Meteorus, or as a tertiary 
on Dibrachys and probably Habrocytus. 


Tritneptis hemerocampae Grit. 

This species is of interest because it was recorded from A panteles and Meteorus 
cocoons for the first time from Victoria and collections from the Interior in 1959. 
It was the only hyperparasite. The satin moth and several other Lepidoptera and 
sawflies are recorded as hosts by Muesebeck et al. (1951). 


Ichneumonidae 
Gelis tenellus (Say) 
A widely distributed hy perparasite that attacks ichneumonids and other hosts. 
The number of Gelis recovered from Apanteles was small but it was the most 
important parasite of Meteorus. 









Mesochorus sp. possibly discitergus (Say) 

This species was recovered in greater numbers from Apanteles than from 
Meteorus, but it was of no great importance to either. It is notable chiefly for the 
habit of ovipositing on the larva of the primary parasite while it is still in its larval 
host. 














Gelis keenii (Hgtn. ) 
Occasional specimens were recovered as a hyperparasite of Meteorus. 
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Discussion 

Ideally, an assessment of the role of parasites and hyperparasites in control of 
satin moth could best be carried out by the type of life ‘table approach being used 
in the study of such forest insects as the spruce budworm, larch sawfly, and lodge- 
pole needle miner. However, at the time these studies were conducted, staff 
limitations precluded the possibility of a sufficiently comprehensive effort for that 
type of analysis. Nevertheless, these records provide interesting information on 
the establishment and dispersal of several introduced parasites, on the several native 
parasites recovered from the satin moth, and on the incidence of secondary para- 
sites. 

It is clear from the data presented that the two introduced parasites A panteles 
solitarius and Meteorus versicolor became relatively quickly and firmly established 
on the lower mainland of British Columbia and on Vancouver Island followi ing 
introduction. It is suspected that the parasite populations on Vancouver Island 
originated from Washington State. The two parasites appear to be admirably 
adapted to the host. Theoretically they should be capable of building up fairly 
rapidly since A panteles is multivoitine and Meteorus bivoltine. This feature on 
the other hand makes it difficult to make ‘critical collections’ to determine pre- 
cisely what proportion of the host population has been killed by them, but 
evidence obtained from the 1942 to 1944 rearings indicate that in the aggregate 
the two destroyed a considerable fraction. When we add to this the loss caused 
by other introduced and native parasites, the total mortality due to parasites is 
quite impressive, ranging as high as 94.0 per cent in one collection in 1944. The 
highest parasitism is usually present in the later instars, when larvae are not as 
abundant as they are earlier in the season. Therefore, combining larval rearing 
data, as was done in Table II to avoid cumbersome presentation, may mask the full 
impact of mortality to the satin moth caused by parasites. For example eight 
successive collections of satin moth larvae from Goat Island during 1944 showed 
percentages of parasitism as follows; 17.8, 4.3, 13.9, 7.7, 37.4, 94.0, 57.3, and 30.0. 
The total parasitism shown in Table II for these eight collections is 20.5 per cent. 

It was feared at the conclusion of the 1944 rearings that the high incidence 
of hyperparasitism might seriously hamper the effectiveness of Apanteles and 
Meteorus. No doubt parasitism by these two species might have increased to 
higher levels in the absence of hyperparasites. Nevertheless, a comparison of the 
1944 rearings from Victoria with more recent ones from the same place (Table II) 
indicates that the levels of parasitism are roughly similar and suggests that this 
complex biological system is able to maintain some degree of stability. However, 
the relative abundance of Apanteles and Meteorus fluctuated greatly between 
years and areas, possibly due in some measure to the influence of hyperparasites, 
and changes in host populations. 

Apparently Apanteles moves more quickly into areas newly invaded by the 
satin moth than does Meteorus. During the liberations made in the 1920’s and 
1930's, Apanteles was sometimes recovered in the same year it was released in an 
area, and at considerable distances from the liberation points. On the other hand, 
Meteorus was not recovered until several years after liberation. A similar situation 
seems to exist currently in the Okanagan Valley, where no parasites have been 
released. The satin moth was first reported at Vernon in 1955 and the 1959 
rearings indicate that Apanteles is firmly established there. Meteorus was not 
obtained in the 1959 rearings from the Vernon area, but it has been recovered near 
Kamloops, about 70 miles away. If history repeats itself, Meteorus should even- 
tually move into the Okanagan Valley. One discrepancy in this pattern occurred 
at Savona, near Kamloops, where both the satin moth and Meteorus were recorded 
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for the first time in 1949, but it is possible that the host may have been present in 
the area several years before it was detected. 

The history of the satin moth in new ly invaded areas in British Columbia 
suggests that the complex of native and introduced parasites plays an important 
role in holding the populations in check. Followi ing its discovery in the southern 
coastal regions of British Columbia severe infestations occurred, but it appears 
from the records of the Canadian Insect Pest Review from 1928 to 1937 that 
populations of the pest decreased after parasites were introduced. The studies 
conducted from 1941 to 1944 were in an area of severe infestation. At the con- 
clusion of the work in 1945 the population had begun to subside very noticeably, 
and from 1945 to 1959 satin moth infestations on Vancouver Island and the lower 
mainland have been rare, relatively short lived, and light. 

A similar trend seems to be developing at present in the Okanagan Valley 
although the picture is complicated by rather extensive chemical control operations 
undertaken in recent years to protect shade trees in towns and park areas. Very 
heavy populations built up on poplar shade trees throughout the Valley following 
the initial detection of the pest in 1955. However, in 1959, when collections were 
made for this study, the population had declined to the point w here it was difficult 
to obtain large quantities of material. 


Summary 

1. The satin moth (Stilpnotia salicis L.) appeared in British Columbia in 1920, 

has since spread over the lower coastal areas of the Province, and has moved 

inland to the Okanagan Valley. Whereas it formerly attacked chiefly the 
introduced Lombardy poplar “and white poplar it has become adapted to 
native hosts, especially black cottonwood, P. trichocarpa, and trembling aspen, 

P. tremuloides. 

An extensive complex of parasites was found to be associated with the satin 

moth. There were no egg parasites obtained on the coast, but a few uniden- 

tified parasites were recovered from eggs from the Kamloops area in 1955. 

The introduced braconids Apanteles solitarius and Meteorus versicolor and 

the introduced tachinid Compsilura concinnata attack the larval stages. The 

native tachinids Tachinomyia similis and Exorista mella attack the advanced 
larvae and pupae. The pupae are also attacked by Sarcophaga aldrichi and 

Agria affinis. 

3. Apanteles solitarius was introduced into British Columbia and became estab- 
lished quickly. Although no liberations have been made in the Okanagan 
Valley, the species seems to be firmly established there, where the satin moth 
was first recorded in 1955. 

4. Meteorus versicolor was not recovered until several years after it was intro- 
duced, and it has not yet been recovered in the Vernon area, where the satin 
moth first appeared in 1955. 

5. Both A panteles and Meteorus appear to be effective parasites but they vary 
greatly in numbers from year to year, and between areas. Both species are 
heavily attacked by hyperparasites, which may restrict their effectiveness. 
However, a comparison of records from 1941 to 1959 indicates that the level 
of parasitism has not altered appreciably through this period. 

6. The relative scarcity of satin moth infestations in recent years in the coastal 
areas of British Columbia suggests that the parasite complex plays an import- 
ant role in holding host populations in check. The same pattern seems to be 
developing in the Okanagan Valley, although the situation there is complicated 

by extensive chemical control operations. 
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A Study of the Flight of the Douglas-fir Beetle Dendroctonus 
pseudotsugae Hopk. (Coleoptera: Scolytidae) 
Ill Flight Capacity* 


By M. D. ArKtns 


The flight capacity (duration and velocity) is an important phase of the 
flight behaviour of economically significant insects such as the Douglas-fir beetle, 
because it influences the feasibility of control or preventive measures which might 
be considered. An understanding of the flight capacity and how it varies in 
relation to environmental factors is necessary to evaluate the beetles’ power of 
dispersal under different seasonal conditions. This would help to detect new 
areas of infestation by directing or narrowing the search. It also would help 
evaluation of the hazard at hand in timber surrounding the infestation and be a 
further aid in determining the size of areas of sanitation required around the 
comparatively beetle-free areas needed for special purposes, such as parks. 

In this paper I shall consider the flight capacity of the Douglas-fir beetle, the 
third phase of a study of insect flight outlined earlier (Atkins, 1959). The studies 
were conducted in the vicinity of Lac la Hache and Victoria, B.C., during 1958 
and 1959, 
on ~ ©Contribution No. 691, Forest Biology Division, Research Branch, Department of Agriculture, Ottawa, 


Canada. Based on studies for a thesis submitted to the Faculty of Graduate Studies of the University of 
British Columbia in partial fulfilment of the requirements for a degree of Master of Science. 
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/ 
Fig. 1. Glass-arm flight mill in normal operating position. 


Fig. 2. Glass-arm flight mill turned on side to show balance obtained by sliding counter- 
weight at the left. 


Effect of Associates on Flight Duration 

[he species of nematodes and mites encountered in these studies and an out- 
line of their relationships with insects have been given by Atkins (1959, 1960). 

The tests outlined below were performed to determine their effects on the 
duration of the beetles’ flight. A number of spring- -emerged beetles were sub- 
jected to flight stimulation by tossing. Thirty of those w hich showed a strong 
positive response were used in the initial trial of four hours on balsa-arm flight 
mills similar to those described by C hapman (1954). Other samples of 60 and 15 
beetles from the same source were flown for four and eight hours respectively on 
similar mills constructed from glass capillary tubing and equipped with a balancing 
mechanism (Figs. 1 and 2). As sample of 30 adults which re- -emerged from their 
egg galleries in july, presumably to make a second attack, was also tested for a 
four-hour period. 
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TABLE I 
Analysis of the flight during a four-hour period of 90 Douglas-fir 
beetles with various degrees of infestation 


Mean 
; total Mean Mean 
Comparison and infestation type: n flying 7. initial "¢ no. “ 
time flight of 
(min. ) (min. ) stops 
Uninfested 14 | 170.9 130.3 4.86 
Infested 
1. Mites only 5 | 204.6 |1.066 | 170.8 781 6.06 | .197 
Uninfested' 29 | 173.17 130.31 3.17 


Infested 


1. External nematodes only 37 | 157.50 | .821 | 102.60 | 1.191 S58 | .454 
2. Internal nematodes only 13 | 154.46 | .743 36.15 | 3.806**| 5.38 |1.842 
3. Internal and external nematodes 12 | 191.10 |1.048 64.67 | 2.707**| 3.08 | .115 
4. Internal nematodes? 25 3.832**| 4.04 | .949 


172.20 | .054 48.68 


‘Includes beetles with mites only. 
*Includes all beetles infested by internal nematodes regardless of presence of other associates. 
**Significant at the 1 per cent level. 


The starting and stopping times were recorded for each beetle to obtain the 
duration of the initial flight, the number of rests per individual, and the total flying 
time. At the conclusion of each test the beetles were dissected to determine their 
sex and their degree of infestation by mites or nematodes. 

Student’s ‘t’ test was used to compare the mean flying times, mean duration 
of the initial flight, and the mean number of rests of the various groups within 
each sample. In every case there was no significant difference between means 
fér uninfested niales and females, so they were combined for each sample and used 
as a basis of comparison for the infested groups of the corresponding sample. The 
infested beetles were assigned to groups based on the various combinations of 
associates, viz., internal nematodes only, external nematodes only, mites only, and 
internal nematodes regardless of the presence of other associates. Not all of these 
categories occurred in each sample. There was no apparent difference between 
the results obtained from the two types of flight mills used, so all spring-emerged 
beetles flown for four hours were grouped for the analysis. The re- emerged 
beetles, on the other hand, were kept separate. The means, n values and values 
of “t” obtained from the four-hour tests are presented in Tables I and II. 


Results from the beetles flown for eight hours are presented in Table III. 
They show great variation in the duration of the initial flight and the total flight 
between beetles with like infestations. Two of the 15 beetles were excluded 
from the tabulation because of wing damage. 


TABLE II 
Analysis of the flight during a four-hour period of 30 re-emerged Douglas-fir 
beetles some of which were infested by internal nematodes 


Comparison and n | Mean flying | ‘‘t’’ | Mean initial} ‘‘t”’ Mean no. | ‘“‘t” 
infestation time (min. ) flight (min. ) of stops 
U ninhested vs. 19 | 229.2 169.3 1.52 
Internal nematodes only' | 11 219.9 .978 94.3 2 .063* 2.10 .533 


| 
| | 





1Only associates present in this cnmupie. 
*Significant at the 5 per cent level. 
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TaBLe III 
The flight pattern and dissection results of 13 Doughes-Gr beetles flown for 8 hours 












Initial flight Total flight Internal External Mites 
(min. ) (min. ) nematodes nematodes 


Z 






























1 104 252 X 

2 480 480 X X 
3 * . X X 
4 8 49 X X 

5 . ° xX 

6 33 429 X 
7 16 88 X X X 
8 23 241 

9 85 198 
10 388 475 
11 1 340 X X 
12 480 480 X 
13 365 398 X 


*No single flights over one minute. 
Associate present. 


It seems strange that the internal nematodes, whether alone or in association 
with other forms, affected the duration of the initial flight but neither the total 
flight duration nor the number of rests. Since a number of these internal nema- 
todes are known to be true parasites (Van Zwaluwenberg, 1928; Massey, 1956) 
one would expect any effect on the beetles’ vigour to show as fatigue over the 
longer period rather than in the early stages of flight. Perhaps during the first 
rest period there is some internal adjustment which compensates for or nullifies 
effects of the worms on later flight, but the nature of such a phenomenon is not 
here apparent. The fact that the initial flight period is reduced by 40 to 50 per 
cent may concentrate the distribution of nematode associates as well as influence 
the dispersion pattern of the population. But it is evident that more work is 
required on the factors causing the wide range of nemic incidence encountered 
in bark beetles. 


The Effect of Temperature on Flight Duration 

Four samples of 20 spring-emerged beetles each of which showed a strong 
inclination to fly were flown on the glass-arm flight mills for four hours. Each 
sample was observed at one of four temperatures, wiz., 62, 72, 80 and 90°F. (60 
per cent R.H.). The starts and stops were recorded for each beetle to obtain a 
complete picture of the flight pattern. 

Temperature over the range used seemed to have little effect on the total 
flight during a four-hour period, the means for the above temperatures being 
186.3, 172.8, 177.9 and 174.7 minutes respectively. However, there was a more 
pronounced effect on the duration of the initial flight. The mean initial flights 
for the same four temperatures were 46.5, 89.5, 90.5 and 99.5 minutes. The 
average number of stops during four hours were 3.4 at 62°, 2.6 at 72°, 2.5 at 80° 
and 2.0 at 90°F. Several representative flight patterns which occurred under the 
above temperatures are presented graphically in Fig. 3 

The lack of temperature effect on the total flight duration seems reasonable 
within the range used, since once the beetles started to fly they could maintain 
their flight at a suboptimal temperature. At temperatures below those used in 
these tests (11.5 to 12.5°C.) Rudinsky and Vite (1956) found that the flight 
ability decreased markedly. But, their temperature range probably was too low 
for muscle activity to produce sufficient warming. 
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Fig. 3. Representative flight patterns of Douglas-fir beetles flown for four hours at 
different temperatures wth constant relative humidity (60 per cent). Black indicates flight. 


The Effect of Relative Humidity on Flight Duration 

Five samples of 20 spring-emerged beetles each with a strong flight response 
were flown for four hours on glass-arm mills at 72°F., and various relative humidi- 
ties. Each sample was observed at one of the following R.H. levels: 25, 45, 60, 75, 
and 95 per cent. The R.H. required was obtained in a room equipped with 
humidifier and refrigeration apparatus. 

A complete picture of the flight pattern of each beetle was recorded through- 
out the four-hour test period. As with temperature, R.H. caused little difference 
in the total flying time, the means for the above humidities being 180.8, 181.5, 
172.75, 183.45 and 185.25 minutes respectiv ely. Again the major “effect was on 
the duration of the initial flight, the corresponding means being 56.7, 80.9, 89.45, 
85.75 and 95.25 minutes. The mean number of stops were 3.75, 2.3, 2.65, 2.6 and 
2.15 respectively. Some representative flight patterns that occurred throughout 
the observations are presented pictorially in Fig. 4 


The Effect of Gallery Construction on Flight Duration 

Since parent beetles removed from their galleries are flight refractory at all 
but a few times throughout the summer, the 30 beetles used ‘for this observation 
were collected as they “emerged from their tunnels after approximately two weeks 
of gallery construction. The s sample was flown for a four-hour period and the 
starts and stops were recorded as in the previous tests. The results obtained were 
compared with those from a sample of 30 spring-emerged beetles flown on the 
same flight mills. Student’s ‘t’ test was used for the comparison. The resulting 
means, degrees of freedom, and values for ‘t’ are presented in Table IV. 

The significantly longer total duration of flight by beetles recently involved 
in gallery construction compared with that of newly emerged adults is at first 
difficult to reconcile with the similarity between the durations of initial flights 
(Table IV). One might expect flights by the older beetles to be shorter as a 
result of energy they expended i in excavation and the deposition of eggs. There 
are, however, ‘qualitative differences in the food available to the two groups. The 
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Fig. 4. Representative flight patterns of Douglas-fir beetles flown for four hours at 
different relative humidities at constant temperature (72°F.). Black indicates flight. 


newly emerged beetles have to feed on inner bark almost a year old, whereas the 
re- emerged ‘beetles have fresh inner bark of the current year’s growth available 
to them for regenerative feeding. These nutritional differences could produce 
differences in the total duration of flight once each group was deprived of further 
feeding opportunities. 


The Flight Velocity on Flight Mills 

The beetles were attached to glass-arm flight mills which described a one- 
metre circle. The number of revolutions (counted against a stop watch) gave 
the flight velocity in metres per minute. Fifty beetles were observed between 
72 and 77°F. Since the flight velocity of the Douglas- fir beetle varied according 
to the angle of the body as it did in the fly Muscina stabulans (Hollick, 1940), the 
beetles were placed in the near-horizontal position assumed in natural flight. The 
flight velocity ranged from 48 to 88 metres per minute. The most common 
velocities were between 65 and 74 metres per minute, which is approximately 
double that found by Rudinsky and Vité (1956), and was probably due to differ- 
ences in the construction of the mills. 


The Free Flight Velocity 
The free flight velocity was obtained by releasing the beetles in a wind-free 
room and timing their flight over a measured course to a window. To prevent 


TABLE IV 
Comparison of the flight over a four-hour period of 30 spring-emerged 
and 30 re-emerged Douglas-fir beetles 


Treatment d.f. Total flight “— Initial flight ss 
time (min. ) (min. ) 
Spring-emergence 188.9 134.5 
58 $3.27" .272 
Re-emergence 225.0 141.8 


**Significant at the 1 per cent level. 
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the initial flight velocity, which is lower due to the inclination of the body, from 
reducing the level flight velocity, the beetles were not timed until they had flown 
several feet. The velocity varied considerably according to the manner of flight, 
that is, whether it was level, inclined or zig-zagged. In a sample of 60 beetles 
tested, the velocity ranged from 50 to 150 metres per minute. The straight, level 
fliers had velocities which usually fell between 90 and 115 metres per minute 
(3.3 to 4.2 miles per hour), comparable with the findings of Rudinsky and Vité 
(1956). 


The Effect of Temperature and Relative Humidity on the Flight Mill Velocity 
The flight velocities of the beetles used in the tests of temperature and R.H. 
effects on flight duration were recorded at the initiation of flight. The mean 
velocities of the samples showed a similar relationship to temperature and - 
moisture as did the wing-beat frequency (Atkins, 1960): they changed rapidly a 
sub-optimal temperatures and low R.H., but only slightly once the pn ar: Han 
were suitable for the beetles to start flying for longer periods. The average flight 
velocity when the R.H. was 60 per cent was: 62°F., 56.2 metres per minute 
(m/min.); at 72°F., 66 m/min.; at 80°F., 66.7 m/min., and at 90°F., 67 m/min. 
When the temperature was 72°F., the average velocity was 60, 64.3, 66, 66.4 and 
65.6 m/min., at relative hemidizies of 25, 45, 60, 75 and 95 per cent, respectiv ely. 


The similarity between the effects of temperature and R.H. on the flight 
velocity and on the wing-beat frequency (Atkins, 1960) indicates that the flight 
velocity is determined largely by the wing-beat frequency, since no relationship 
was evident between w ing- beat ‘amplitude and velocity or frequency. Further- 
more, changes in the wing-beat frequency of an individual were accompanied by 
measurable ‘changes i in its flight velocity. 


The Effect of Flight Duration on Flight Velocity 

A sample of 30 beetles was flown on the glass-arm mills. The flight velocity 
was recorded for each beetle as flight was initiated and at the end of each hour of 
flight thereafter to a maximum of four hours. The mean velocities for the 30 
beetles followed a definite downward trend, although the reduction was not great 
over the test period used. The mean velocities, starting with the initial reading, 
were 66.8, 64.7, 62.6, 61.7 and 59.5 metres per minute. These figures indicate that 
fatigue does occur shortly potas flight begins and although the ‘changes are slight 
it could reduce the distance covered in four hours by more than a mile from that 

calculated from the initial velocity. 


Conclusions 


Considering the flight activity of the Douglas-fir beetle as a whole (see also 
Atkins, 1959, 1960), the flight performance i is strong and relatively uniform despite 
the complexity of the factors affecting the various components of the activity. 
Although the environmental factors, with the exception of associates, have a 
marked effect on the flight response, the threshold condition leading to a flight 
attempt is invariably higher than that necessary for continuation of flight once it 
has begun. T herefore, once in flight the Douglas- fir beetle can pass safely through 
areas where conditions are below its threshold for spontaneous flight. In addition, 
rapid changes in the flight components due to environmental fluctuations tend to 
diminish in the vicinity of their respective thresholds. 

Fatigue has a direct effect on the flight mechanism and capacity although it 
would probably be more pronounced than has been demonstrated here if the 
observations were carried out to the point of final flight cessation. 
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It would appear that the initial, rather than the total flight duration is the 
most important. While the total flight duration remains relatively unchanged 
throughout the range of conditions ‘used, the initial flight duration and flight 
velocity increased with temperature and R.H. to an optimum under the conditions 
encountered during fair weather. Computations based on these experiments 
indicate that the Douglas-fir beetle is capable of flights up to seven miles immedi- 
ately following take-off. This is a most conservative estimate when one considers 
the fact that a number of individuals had their flights arbitrarily terminated after 
four hours, whereas they might have flown considerably longer if left undisturbed. 
In addition, some of the values for the initial flight were taken from tests con- 
ducted under sub-optimal conditions. From the evidence it seems a fair assump- 
tion that healthy Douglas-fir beetles are capable of an initial flight, in still air, in 
excess of 10 miles and may travel 15 to 20 miles a day for several days. If one 
considers the enormous possibilities of dissemination by air currents, the potential 
dispersal becomes astounding. Although we cannot ‘overlook the fact that the 
beetles’ flight is primarily one in search of suitable host material, it nevertheless 
appears that it would be virtually impossible to isolate a population through 
silvicultural practices. On the other hand, it is necessary for a high concentration 
of beetles to make a successful attack before they are able to kill a tree and this 
may be prevented by long-distance flights diluting the population. 
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The Area of Discovery of Two Insect Parasites, Nasonia vitripennis 
(Walker) and Trichogramma evanescens Westwood, in an 
Artificial Environment 


By Roy L. Epwarps 


Entomology Institute for Biological Control, Research Branch 
Canada Department of Agriculture, Belleville, Ontario! 


Two of the most important factors that contribute to the success of a parasite 
population are (1) the ability to find hosts and (2) the ability to oviposit in 
hosts when found. The theories of Thompson (1922, 1924), Nicholson (1933) 
and Nicholson and Bailey (1935), which have commanded attention in the field 
of population dynamics for a number of years, emphasized the importance of 
these factors in quite different ways. 

Thompson assumed that the parasites have no difficulty in finding their hosts 
but have a constant egg supply whereas Nicholson assumed that the egg supply 
is virtually unlimited but that the parasites have a fixed and limited searching 
ability which he called their ‘area of discovery’. 

Putting H..: as the final host density, fH, as the initial host density, f as the 
power of increase of the host, P, as the density of the parasites, and a as the area 
of discovery, Nicholson derived the following equations: 

Rican OO EON, oa, 5 aie ae £S 5 yee eS Sle si (1) 
and 
Pw = fH,—Hey....... : (2) 

The solution of these equations suggests that a steady | state at which both 
host and parasite densities remain constant is theoretically possible, but that any 
disturbance of this steady state results in population fluctuations that increase in 
magnitude with time. 

Population fluctuations that occurred during laboratory experiments con- 
ducted by De Bach and Smith (1941a) offered support for Nicholson’s theory, 
but Varley and Edwards (1957) pointed out that in those experiments, and in 
others conducted later (De Bach and Smith, 1941b, 1947), the ‘area of discov ery’ 
varied with host density, and hence one of Nicholson’s main assumptions has not 
been confirmed. 

The purpose of the present publication is to describe experiments designed 
to obtain more information about the relationship between a parasite’s area of 
discovery and the density of both host and parasite populations. The parasites 
used were Nasonia vitripennis (Walker), with puparia of Musca domestica Linn. 
as hosts, and Trichogramma evanescens Westwood, with eggs of Sitotroga 
cerealella (Oliv.) as hosts. 


Materials and Methods 
Experiments with Nasonia 

In these experiments the parasites searched in the dark for 24 hours at 25°C. 
and 75 per cent R. H. Previous work (Edwards, 1954a) showed that these 
conditions are suitable for searching experiments with this species. 

The parasites were standardized as follows: when still in the pupal stage 
they were removed from the host puparia 2 and measured under a binocular micro- 
scope. Those measuring 2.00 + .05 mm. in length, which give rise to adults 
2.5 mm. long, were incubated at 25°C. and 75 per cent R. H. On hatching they 
were fed honey for the first 48 hours, honey and hosts for the next 48 hours, and 
honey without hosts for the next 16 hours. It was shown by Edwards (1954b) 


1Present address: Research Station, Canada Department of Agriculture, Saskatoon, Saskatchewan. 
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that when treated in this way, followed by a starvation period of two to three 
hours, Nasonia females have ovaries full of eggs, are immediately ready to start 
searching for hosts, and are capable of parasitizing them w hen found. Prelimin- 
ary experiments showed that they would parasitize an average of six hosts in 
24 hours. During previous experiments (Edwards, 1954b) in which parasites 
of a similar age were left continuously with hosts, they parasitized nine in 
24 hours. The reduction in numbers in the present series of experiments is 
presumably because they were deprived of hosts for 18-19 hours before the 
experiments began. 


The host puparia used in the experiments were 24 to 48 hours of age, well 
formed, and measured 6.00 + .25 mm. in length. By inspecting them in trans- 
mitted light, damaged pupae could be detected and mortality during the experi- 
ments was negligible. Selected puparia were placed in a prearranged order in an 
apparatus with an estimated surface area of 40,000 sq. cms. This was con- 
structed as follows. Specimen tubes each 51 mm. in length and 13 mm. in 
diameter were placed inside other tubes each 63 mm. long and 19 mm. in diameter, 
which were in turn placed inside tubes each 76 mm. long and 25 mm. in diameter. 
Eighty-four of these units were placed in a perforated zinc container 28 cms. x 
19 cms. x 9 cms., and two of these containers were placed in a glass tank 
30 cms. x 20 cms. x 20 cms. 


Each experiment was started by releasing the parasites from a small vial in 
the centre of the mass of tubes. ‘At the end of 24 hours the glass tank was 
opened and the live parasites removed with an aspirator. The experiment was 
repeated if more than 5 per cent of the parasite population had died. The puparia 
were removed from the apparatus and, after a further ten days incubation, were 
inspected to determine if they had been parasitized, were not parasitized, or had 
died from other causes. 


A host was scored as “unparasitized” if the host insect either (a) had emerged 
successfully from its puparium or (b) had failed to emerge but had passed the 
4th day of dev elopment and bore no signs of parasite attack. It was scored as 

“parasitized” if it either (a) contained parasite offspring or (b) contained no 
parasite offspring but bore the remains of a feeding tube or the typical darkened 
wound caused by a parasite’s ovipositor. A pupa was scored as “dead” if it 
had not passed the 4th day of development and bore no signs of parasite attack. 
Experiments with Trichogramma 

The searching behaviour of Trichogramma was studied by Laing (1937, 
1938) and the rn potential by Lund (1938). Lund showed that females 
live an av erage of 6.3 days at 25°C. and lay an average of 66 eggs of which 
27 are laid in the first 12 hours of life, 23 in the next 36 hours, and only 2 or 3 
per day thereafter. 

The experiments were conducted at 25°C. and 75 per cent R. H. and in a 
light intensity of 6 foot candles. Under these conditions the parasites moved 
actively and apparently did not perceive a host until they bumped into it. The 
females were all of aver rage size, undamaged, and not more than 6 hours old at 
the start of the experiment. They were fed honey from the time of emergence 
but none was supplied during the experiments. 


The experimental units were made up as described by Flanders (1935). By 
moistening a paint brush in water, host eggs of uniform size, undamaged and not 
more than 18 hours old, were attached at regular intervals to the surface of two 
sheets of glass. The glass sheets were separated from each other by pieces of 
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TABLE I 
Numbers of Musca puparia paratisized by Nasonia vitripennis when different densities of hosts 
and parasites interacted for 24 hours in an environment of 40,000 sq. cms. 


120 72 99 | 131 153 
100 72 |-208 | 98 | 287 
80 72 | 102 | 128 | 159 
60 32 47 67 88 | 100 | 140 
2 40 24 47 57 80 | 100 | 107 
% 30 24 37 53 70 73 72 
2 20 8 14 21 41 51 58 68 72 
re 16 58 
# 14 8 15 22 32 46 52 52 51 
© 10 42 38 
s 8 2 3 8 15 16 22 28 28 33 36 34 

- 6 2 2 8 8 14 20 24 25 24 
4 2 2 5 8 11 11 11 15 17 19 18 

2 0 3 8 9 8 

1 1 1 3 3 4 5 4 4 5 5 
2 4 8 16 24 32 48 72 | 104 | 136 | 168 


Host density 


cork 1 cm. high placed at each corner, and were sealed with a broad strip of 
brown paper glued around their edges. 

The experiments were started by punching a hole in the paper, introducing 
the parasites through glass tubes and re-sealing the hole. At the end of the 
experiment the units were inspected for dead parasites; if mortality exceeded 
5 per cent the experiment was repeated. Experiments were stopped by passing 
a mixture of ckioroform and air through the unit for two minutes. This treat- 
ment killed the parasites but not the eggs. The timing is critical, however, as 
an exposure to chloroform of as little as eight minutes causes heavy mortality 
to the eggs. 

After the units had been cleared of chloroform with a stream of clean air 
they were returned to the incubator for a further six days. At the end of this 
time all live, unparasitized hosts had hatched or turned orange prior to hatching, 
parasitized hosts had turned black, and hosts that had died retained their normal 
translucent appearance. It was therefore a simple matter to score on a chart the 
number and distribution of hosts that had been parasitized or had died. 


Results 

Many replicates would be required to obtain the exact value of the area 
of discovery and, as the purpose of the experiments was to find the general 
relationship between area of discovery and population density, normally only 
one experiment at each combination of host and parasite density was made. 
The conditions of the experiments were carefully standardized and in those 
cases where replicates were run as a check, the variation in the results was small. 
However, because of this general lack of replication the individual values should 
be treated with caution. 

Table I shows that the number of hosts parasitized by Nasonia increased 
with parasite density. Table II shows that at all but the lowest host densities 
the number parasitized by Tric hogramma rose initially and then fell. The 
explanation for this probably lies in the different responses of the two species 
to the presence of other females. Salt (1937) pointed out that if a host egg is 
touched by a female Trichogramma, even though it is not parasitized, other 
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TABLE II 
Numbers of Sitotroga eggs parasitized by Trichogramma evanescens aged 0 to 6 hours*when dif- 
ferent densities of hosts and parasites interacted for 16 hours in an environment of 3,360 sq. cms. 

















120 18 | 22 44 | | 92 160 | 195 | 258 
& 100 8 18 29 60 | | 103 | 177 | 239 | 323 
2 80 18 | 25 60 | | 102 | 176 | 237 | 387 
& 60 8 | 17 | 26 | 42 | 60 | 111 | 173 | 270 | 424 
‘a 40 8 17 26 60 105 | 162 | 212 | 362 
= 20 7 | 14 | 25 54 | 94 | 148 | 168 | 161 
a 10 7 | 14 | 28 | 41 | 46 | 59 | 112 | 126 | 109 
a 5 2 | 10 | 22 34 49 | | 94 | 110 | 102 
~ 1 1 4 8 | 16 | 22 | 22 | 24 | 35 | 33 | 32 | 34 

8 18 | 32 | SO | 72 | 98 | 128 | 162 | 200 | 392 | 800 


Host density 


TABLE III 
Numbers of Sitotroga eggs parasitized by Trichogramma evanescens aged 48 to 54 hours when 
different densities of hosts and parasites interacted for 16 hours in an environment of 3,360 sq. cms. 


14 30 


2> 60 5 12 

33 20 8 22 29 37 

£5 10 4 20 15 11 

a0 1 1 I 2 6 2 
18 32 72 128 200 


Host densitv 


TABLE IV 


Che calculated area of discovery of Nasonia vitripennis at different combinations of host and 
parasite densities when the interaction took place for 24 hourssin an environment of 40,000 sq. cms. 


120 00 .025 .027 .020 
100 00 .046 | .022 .027 
80 00 .049 .036 | .037 
60 00 .065 .044 .031 .022 .030 
= 10 00 .097 | .039 | .037 | .033 | .025 
Pa 30 0O0 049 .046 .038 .025 018 
mz 20 00 .139 .104 .096 .061 O41 .035 .028 
i 16 .026 
14 00 .199 .177 .085 .072 .050 .034 .028 
S 10 .052 .025 
8 8 00 .173 oo .347 | .137 | .173 | .109 | .062 | .047 .028 

te 6 00 116 0o .116 .146 . 164 .116 .071 .044 
4 00 .173 291 173 .154 112 .066 .058 .034 .028 

2 0 569 347 .235 .142 .104 

1 693 470 .470 .247 .182 .191 .058 .034 .030 
2 } 8 16 24 32 48 72 104 136 168 


Host density 
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TABLE V 

The calculated area of discovery of Trichogramma evanescens aged 0 to 6 hours at different com- 
binations of host and parasite densities when the interaction took place for 16 hours in an 
environment of 3,360 sq. cms. 


; 120 00 .010 .008 010 .014 .006 010 
2 100 00 00 021 .018 .016 .022 .009 .005 
2 80 00 .019 .026 019 .027 | .012 | .008 
x 60 00 .048 .028 .031 .030 .035 .034 | .019 | .013 
a 40 00 .072 .042 045 044 041 | .019 015 
> 20 .208 075 .076 .069 .062 .076 | .028 011 
S 10 208 .220 .208 171 .102 .062 .082 .039 015 
By 5 .058 .162 .238 128 097 127 .066 .027 
sai 1 131 .247 .293 385 365 .267 .207 .182 .086 039 

8 18 32 50 72 98 128 200 392 | 800 


Host density 


Trichogramma females avoid it and the host is thus afforded protection. This is 
not the case with Nasonia, for as many as eight females will sometimes drill into 
the same host simultaneously. : 

In both species the number of hosts parasitized increased with host density. 
At low parasite densities the numbers of hosts parasitized levelled off when the 
parasites began to reach the limit of their egg supplies. In the case of Nasonia 
this occurred at five hosts per parasite and in the case of Trichogramma at 33 
hosts per parasite. In some exploratory experiments using Trichogramma females 
aged two days — in which the egg supply is very small — the levelling occurred 
at an average of two eggs per parasite (Table il). 

The area of discovery was calculated by substituting the experimental data 
back into equation (1) after it had been transformed so that ‘a’ was expressed 
in terms of the other factors. The areas of discovery are given in Tables IV, 

V,and VI. When parasite density was high and host density low, the parasites 
found all the hosts and the area of discov ery became infinity. 

Trichogranma showed a marked decline in its area of discov ery as parasite 
density increased, because of the lower efficiency of the parasites. This trend 
was much less marked in Nasonia. 

In both species, the area of discovery for a given parasite density remained 
reasonably constant as host density increased, and then declined as the parasites 
ran out of eggs. This could be anticipated on theoretical grounds as if the egg 
supply of each female is limited to r, the total number of eggs that can be laid 


; TABLE VI 
The calculated area of discovery of Trichogramma evanescens aged 48 to 54 hours at different 


combinations of host and parasite densities when the interaction took place for 16 hours in an 
environment of 3,360 sq. cms. 


San 60 .003 .003 .002 .003 
Bom 20 014 .018 013 .010 
ec 10 .013 .033 .012 .006 
Las 1 .057 .031 .028 .048 O11 

18 32 72 128 200 


Host density 
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by a parasite population, P., will be rP.. As long as the total number of hosts 
found by the parasites does not exceed this figure, all those found will be para- 
sitized: but when the host density becomes so high that the parasites find more 
than they can parasitize then the final host density will be given by the expression 


Ha+i = fHa — rPy (3) 


Substituting this back into equation (1) we get 


! fH, 
a= log. : (4 
Fe ( ts fH, i *) , 


From this it follows that, for any chosen value of P., as fH. tends to 
infinity, a tends to zero, so that the area of discovery will decrease as host density 
increases. 

Discussion 


The results of these experiments offer only partial support for Nicholson’s 
theory. The area of discovery remained constant over only part of the range 
of host and parasite densities ‘but declined as both host and parasite densities 
increased. 


One of the weaknesses of Nicholson’s theory is that the course of events 
described in equations (1) and (2) leads inevitably to the extinction of both 
host and parasite populations. Nicholson (1955) recognized this and suggested 
that both hosts and parasites migrate into unoccupied areas, though he makes 
no modification of his equations to allow for it. Moreover, as Milne (1957) 
pointed out, this assumption is untested. 


Theoretically extinction occurs because when the density of the parasite 
population rises above a certain level its efficiency is so great that the whole 
environment is covered during the search and no host escapes. Any factor that 
either keeps the parasite population at a low density or that reduces its efficiency 
at high densities will prevent this from happening. 

This end would be achieved if a parasite’s area of discovery decreased as 
its density increased. The host population would then never be wiped out 
because no matter how large the parasite population it would never cover the 
whole environment in its search and some hosts would always escape. Under 
these circumstances the parasites would be able to control small changes in the 
host population and both populations would undergo damped oscillations. But 
the situation would be unstable because the combined effect of limited egg 
supply and decreased area of discovery would make it impossible for the parasites 
to control a violent increase in the host population. They would only be able 
to do so after the host population had been reduced by some other factor, e.g. 
other parasite species, climate, food, etc. 


Whether the area of discovery is always a function of population density, 
as these experiments suggest, can only be determined after much more research 
work has been undertaken on oviposition and searching behaviour. Without 
such knowledge there is little possibility of understanding the mode of interaction 
between host and parasite species under natural conditions. 


Summary 


The relationship between the area of discovery and the density of host and 
parasite populations was investigated experimentally using the two parasite species 
Nasoni vitripennis and Trichogramma evanescens. Under the conditions of the 
experiments the area of discovery remained constant over part of the range of 
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host and parasite densities but decreased with further increases in either of these 
densities. 
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A Critical Review of the Studies on the So-called Stink or 
Repugnatorial Glands of Heteroptera with Further Comments 


By A. P. Gupta 
3898 West 10th Avenue, Vancouver 8, B.C. 


The discovery that most plant- -bugs emit, when disturbed, a kind of highly 
penetrant and nauseous odour is not ‘of recent origin. However, it has since 
then been thought that the presence of such odoriferous scents exists probably 
in direct adaptation to the needs and habits of their possessor. The frequent 
occurrence of such an odour consequently stirred the curiosity of the earlier 
workers to determine the exact source of this scent. No documentary account 
of such an attempt was, however, available until 1833 when Leon Dufour pub- 
lished an account of the anatomy and physiology of Hemiptera. It was thus 
revealed by him that the real source of the odour was actually a gland, on each 
side, in the ventral part of the metathorax, opening to the exterior by means of 
very small apertures, lying one on each side of the metasternum between the 
second and third pairs of legs. He worked on many hemipterous bugs, and in 
Cimex lectularius mentions, for the first time, in addition to the glands, a median 
reservoir which may be oval or round and membranous in appearance. Dufour’s 
publication gave further impetus to the following workers, and thereafter we 
find persistent attempts having been made from time to time to work out the 
morphology of the glands. It may be mentioned that in view of the later 
discoveries of the chemical nature and the odour of the secretion in various 
insects, the use of the term Scent-apparatus would be more precise than stink or 
repugnatorial scent-apparatus, employed by most of the workers up to this day, 
for the secretion is not repugnant in many insects; in some it has even an 
agreeable odour like that of ripe bananas or ether. Brindley (1930) also seems 
to prefer the use of the term Scent-apparatus. 


Leidy (1847) and Locy (1884) mention odoriferous glands in Belostoma. 
Leidy describes them as two rather long caecal tubes situated in the metathorax 
beneath the viscera, extending backwards into the abdomen and opening beneath 
the coxae of the third pair of legs. Locy briefly states that the glands emit smell] 
of ripe bananas but does not mention a reservoir. It must be mentioned, how- 
ever, that the findings of these authors were wrpng for Brindley (1933) finds 
no such glands in Belostoma, and very clearly states that Locy mistook part of 
the salivary apparatus for thoracic stink glands. Kunckel (1866) was the first 
to observe in Pentatomidae the presence of odoriferous glands in the dorsal 
surface of the abdomen of the ny mphs, he showed that these dorsal glands in 
the nymphs atrophied during the last instar, and were replaced by the meta- 
thoracic glands in the adults. Kershaw (1907) also noted in the nymphs of 
Tessaratoma papillosa that the dorsal glands remained in the cast skin as two 
soft yellow sacs enveloping a yellowish fluid, which had the same characteristic 
odour of the metathoracic glands. Muir (1907) states the interesting fact that 
the four nymphal glands of Tessaratoma papillosa do not secrete the obnoxious 
fluid during the earliest stages. This is not what he should have expected, as 
the protective value of the fluid would be most valuable to the nymph. Kunckel 
(1886; 1895) noticed the difference in structure and position of the scent- 
apparatus in the nymphs and the adults and found the arrangement in almost all 
the families the same, and thereby tried to establish some relationship between 
the various families. It is, however, remarkable to note that he failed to notice 
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such odoriferous glands in Reduviidae and Notonectidae, which were later 
found to possess such glands by Brindley (1930) and Carayon (1950). 

Mayer (1874) describes in Pyrrhocoris apterus a bean- -shaped gland with 
branching collecting ducts and a spherical reservoir drawn out into a somewhat 
long neck. Brindley (1930), however, found that this differs fundamentally 
from that of Dysdercus howardi, a member of the same family. 

Kunckel (1868) and Landois (1868) were the first to study the glands in 
the bed bug. Landois’ account of “a hollow kidney-shaped gland opening into 
a small chamber formed by the union of two elongated sacs” was, however, 
proved wrong by Puri (1924). Kunckel did not mention any kidney-shaped 
gland but described two groups of glandular caeca, placed laterally within the 
wall of the median chamber. Murray (1914) worked on the bed bug Cimex 
lectularius. According to him the ‘stink-apparatus’ consists of two sac-like glands 
(the reservoir of other authors) opening to the exterior separately on the 
metasternum, and a median chamber opening independently by a very fine 
median metasternal pore. He considers the median kidney- -shaped organ lying 
in the central chamber as an olfactory sense organ, and not a gland as described 
by Landois. He further describes both lateral and median ventral openings 
occurring together in Cimex lectularius — a finding not found to be true so far 
in any species. Hase (1917) corrected Kunckel’s idea that the glands in the 
ny — of Cimex lie in the first three abdominal segments. According to Hase 
the glands lie not in the first three abdominal segments but in the third, fourth, 
and fifth segments respectively. This is corroborated by Christopher and Cragg 
(1921) who have shown that the first completely chitinized tergum in the 
abdominal region of the ‘larva’ belongs to the third abdominal segment and not 
the first. It is under this tergum that the first of three stink glands lies. After 
Kunckel and Landois (1868) Puri’s account of the scent-apparatus in Cimex 
lectularius is the most complete one available. , 

Brindley (1929; 1930) gives an extensive account of the scent-apparatus in 
a number of families — Naucoridae, Notonectidae, Corixidae, Acanthidae, 
Gerridae, Miridae, Anthocoridae, Cimicidae, Nabidae, Reduviidae, Myodochidae, 
Pentatomidae, Coreidae, L ygeidae, and Capsidae. She makes a novel attempt, for 
the first time, to trace the various evolutionary stages in the development of the 
scent-apparatus in various groups, and also to establish some phylogenetic rela- 
tionship between them, based on certain common features of the scent-apparatus 
in the different families. Moody (1930) gives a detailed account of the scent- 
apparatus in Avzasa tristis, his description of the modus operandi of the valvular 
mechanism being the most interesting. I have worked out the morphology of the 
scent-apparatus in Leptocoris (to be published shortly) and have found that the 
basic valvular mechanism in this insect is similar to that of Anasa tristis except in 
details. Carayon (1948), for the first time, discovers sexually dimorphic scent- 
glands in certain lygeids ‘(Dimorphopterus, Ischnodemus, Scolopostethus, and 
Tropidothorax) and thus tries to advocate the view that these glands play some 
role in the sexual activity of the insect. He later (1950) worked on Reduviidae 
and Nabidae, and made further addition to the attempts of Brindley in tracing 
links between Nabidae and Anthocoridae and thus perhaps with Cimicidae. 

Bordas (1905) and Bergroth (1906) were the first to study the scent- 
apparatus in aquatic bugs. Bergroth records in Gerridae only a single median 
opening on the metasternum. Kruger (1909) also records in Nepidae and 
Notonectidae a single median opening on the metasternum. He examined several 
water-bugs but his notes are brief and incomplete. Hagemann (1910) wrote a 
memoir on Corixa but did not mention the scent-apparatus in detail. Poisson 
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(1924) worked on Gerris and found that the development of the glands in various 
species of Gerris is different. He verified the position of the nymphal glands in 
the various species of Corixidae and found to be the same in all, that is on the 
third, fourth, and fifth tergites. However, Brindley’s (1929) account of the 
glands in Corixa is the first detailed work in this series. She worked out the 
glands both in the adults and in the nymphs. Poisson (1938) worked on Micro- 
necta but his account is brief. 


On the whole, no satisfactory chemical analysis of the secretion has so far 
been done. However, the first attempt toward analy sing the secretion was made 
as early as 1860 when Carius distinguished two components in metasternal 
secretion of Rhapidogaster, one a fatty acid, which he called ‘cimicinic acid’ 
(C,.H.,,O,) and the other a volatile fluid which was the vehicle of the character- 
istic odour. Kunckel (1866) only mentions that in Pentatomidae the secretion 
is acidic. Locy (1884) mentions smell of ripe bananas in Belostoma. Moody 
(1930) reports in Anasa tristis that the secretion consists of a volatile oil, amy] 
acetate, in both the adults and nymphs but its odour is not the same in both 
stages. The oil gives an acid reaction with litmus paper and has a very acrid 
taste, leaving a burning sensation on the tongue for several minutes. However, 
as remarked above, the accounts available so far are inadequate and further de- 
tailed analyses of the secretion in various families would very likely produce 
interesting results, which might have an important bearing on the feeding habits 
of the insects, their sexual activity, and phylogenetic relationship of the various 
groups. 

As remarked above, Brindley (1930) was the first to use the structural details 
of the scent-apparatus for classification, and also tried to establish some phylo- 
genetic relationship between some families of the group. But she does not seem 
to choose the same criteria for all the families. For example, she relates Gerridae 
to Veliidae on the basis of the presence of the external metasternal groove 
through which the secretion passes out; Nabidae to Acanthidae on the basis of 
the general form of the apparatus, and Cimicidae to Anthocoridae on the presence 
of a bifid reservoir and the location of the accessory gland between the two 
chambers. This plan, to my mind, appears rather inconsistent. Among other 
things, the consideration of the form of the reservoir and the presence or absence 
of the accessory gland should be more reliable. On this basis then Miridae, 
Tingidae, and Coreidae could be grouped togethet, for they all possess an ov al 
reservoir, which is devoid of accessory gland. Southwood (1955), it may be 
mentioned here, also groups Miridae and Tingidae together on the basis of the 
form of the accessory salivary gland. Notonectidae and Naucoridae show the 
same features. Similarly Anthocoridae and Cimicidae could be related as they 
eer a bifid reservoir and the accessory gland (Brindley, 1930). Likewise, 

Nabidae and Acanthidae could be related since they possess an oval reservoir 
and accessory gland. Again Southwood has grouped Anthocoridae, Cimicidae, 
and Nabidae under Cimicomorpha on the basis of the vesicular type of accessory 
salivary gland. It must be emphasized, however, that even the criteria of the 
form of the reservoir and the presence or absence of the accessory gland are far 
from being perfect, for only a few species of each family have been examined, 
and it is not uncommon to find variation in a single family in the form of the 
reservoir and other details. ; 


No experimental work has so far been done to ascertain the probable 
functions of the odoriferous glands. Bordas (1898, 1899, 1901) mentions that 
these glands might be defensive. Puri (1924) mentions in Cimex a sexual function 




















XClll THE CANADIAN ENTOMOLOGIST 485 


as well. According to Brindley (1929) the function is nothing but defensive in 
Corixa. But all these views are only conjectural. While it may be safe to 
presume that one of the functions is defensive, especially in view of the fact 
that the secretion has a repulsive and burning taste in some, the sexual role can 
not be taken for granted without experimental proof. The presence of the 
glands in the nymphs, at least, could not be accounted for on the sexual basis. 
I am inclined to believe, however, that the role of the gland in the ny mphs is 
purely defensive — this seems more reasonable in view of the dorsal position of 
the glands — and that the function in the adults is primarily sexual but they also 
serve a defensive purpose. Further inv estigations on this important aspect might 
yield some very interesting results. 
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North American Bérnerina Bramstedt and Betulaphis 
Glendenning (Homoptera : Aphididae) 


By W. R. RicHarps 


Entomology Research Institute 
Research Branch, Canada Department of Agriculture 
Ottawa, Ontario 


North American Bérnerina Bramstedt and Betulaphis 
Glendenning (Homoptera : Aphididae) 


Bornerina Bramstedt is a genus of aphids that breeds only on species of Alnus 
L. Inclusive of the new species described herein the genus is composed of two 
species, of which B. depressa Bramstedt is the European representative. 


Betulaphis Glendenning is a larger genus than Bérnerina and as the name 
implies is restricted to species of Betula L. Although the genus was described in 
North America there have been no North American records subsequent to the 
original description (Glendenning, 1926). Elsewhere, the genus is known to 
occur in Europe, Iceland, Greenland and New Zealand. In this paper three 
species are recorded for North America, two of which are described as new. 


Bérnerina variabilis, new species 
Apterous Viviparous Female Colour when alive: Bright yellow with 
black on apical portions of antennae and tarsi. Colour when macerated: Largely 
colourless with dark areas essentially as in living material. 


Morphology: Frontal tubercles fairly well developed, smooth, diverging. 
Median tubercle scarcely evident, with two capitate setae each of which is about 
equal to one-half the basal diameter of antennal segment III. Disc of head with 
shallow concavities; with two prominent tubercles near anterior margin, each 
tubercle with two strongly capitate setae (Fig. 1). Antenna six-segmented, 
without secondary sensoria. Antennal setae mostly capitate or blunt, the longest 
of which occur on the mesal margin of segment I and each is about equal to one- 
half the basal diameter of antennal segment III. Lengths of antennal segments: 
III, 0.325—0.425 mm.; IV, 0.25—0.275 mm.; V, 0.225—0.26 mm.; VI, 0.1—0.12 mm. 
+ 0.75—0.125 mm. Rostrum extending to second coxae; apical segment 0.15 
mm. long with four to eight setae in addition to the usual two or three apical 
pairs and minute basal pair. Dorsum of prothorax with shallow concavities; with 
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two short — setae on each side and five to eight very short, blunt setae near 
the centre (Fig. 1 ). Setae on dorsa of meso- and metathoracic segments about 
the same size and shape as those on dorsum of prothorax. Setae on dorsal sur- 
face of femora mostly blunt or slightly capitate. Apical halves of tibiae with 
scattered spicules. Hind tibia 0.8—0.9 mm. long. ‘Tibiae without distinct rastral 
setae at apices. First tarsal segments smooth, each with six or seven setae ven- 
trally, without dorsal setae. Apical tarsal segments each with pointed setae and 
strongly spiculose imbrications. Arolia diverging, strongly spatulate, membran- 
ous. Hind tarsus 0.15 mm. long. Dorsal abdominal setae minute, tergites I-VII 
with eight to eleven setae arranged in two irregular, transverse rows; lateral ab- 
dominal setae much longer (Fig. 2). Abdominal tergite VIII with eight to ten 
capitate setae of w agp! ~ longest i is about equal to the basal diameter of anten- 
nal segment III. (Fig. 2). First abdominal spiracle situated on the dorsal surface 
of the segment, other iin on the — surface. Cornicles well developed, 
short, w ith a well dev eloped flange (Fig. 2). Dorsal abdominal integument with 
shallow concavities, without evident = or imbrications. Venter of abdo- 
men with spiculose imbrications and each segment with an irregular, transverse 
row of pointed setae. Cauda knobbed, spiculose, with pointed setae. Anal plate 
weakly indented, spiculose, with pointed setae. Length 2.5-2.6 mm. when 
mounted. 


Alate Viviparous Female.— Colour when alive. Antennae, head, legs, thorax, 
rostrum, cornicles and cauda, yellow to dark brown or black; abdomen yellow, 
sometimes with rectangular, deeply pigmented bars on each tergite and each ster- 
nite. Colour when macerated: largely colourless but pigmented areas essentially 
as in living material. 

Morphology: Disc of head smooth, with slender, pointed, inconspicuous 
setae, all of which are shorter than the basal diameter of antennal segment III, 
those near anterior margins on low tubercles (Fig. 3). First antennal segment 
swollen on mesal margin, with six or seven capitate setae; other antennal segments 
with pointed setae that are shorter than the basal diameter of antennal segment 
III. Lengths of antennal segments: III, 0.7—0.9 mm.; IV, 0.5—0.7 mm.; V, 0.475 
—0.525 mm.; VI, 0.175—0.225 mm. + 0.1—0.125 mm. Third antennal segment 
with four to eight secondary sensoria on basal half, each sensorium with strongly 
ciliate margins. Rostrum not reaching to second coxae; apical segment w ith four 
to seven setae in addition to the usual three apical pairs and minute basal pair. 
Dorsal prothoracic setae essentially as in Fig. 3. Dorsum of pterothorax with 
slender, pointed setae and sometimes some distinct reticulations are discernible. 
Legs with pointed setae; apices of tibiae with a rastral organ composed six or 
seven very stout, spine-like setae. Apical halves of tibiae with scattered spicules. 
Length of hind tibiae 1.4—1.7 mm. First tarsal segments each with two dorsal 
setae and six or seven ventfal setae. Apical tarsal segments with pointed setae, 
strongly spiculose; arolia diverging, strongly flabellate, membranous. Length 
of second hind tarsal segment 0.15 mm. Dorsal abdominal setae short, inconspic- 
uous, arranged in five or six longitudinal rows on segments I-VI, those on segments 
VII and VIII longer and the middle pair on VIII on a w eakly developed tubercle 
(Fig. +). Lateral abdominal setae longer than the dorsal setae and on conspicuous 
rounded, papillae on segments I-VI; the papilla on segment VI much less well 
developed than on preceding segments. Cornicles very short with a very weakly 
developed flange. Dorsum of abdomen smooth, except for terga VI-V ill which 
have distinct spiculose imbrications. Venter of abdomen with spiculose imbri- 
cations and one irregular, transverse row of setae on each segment. Cauda 
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Bornerina variabilis 


Figs. 1-2. Apterous viviparous female. Figs. 3-4. Alate viviparous female. 


knobbed, spiculose, with pointed setae. Anal plate weakly indented. Length 
2-2.5 mm. when mounted. 

Holotype.— Apterous viviparous female, Terrace, B.C., July 10, 1960 (W. 
R. Richards), on Alnus sp. No. 7380 in Canadian National Collection. Paratypes: 
85 alate v iviparae and seven apterous viviparae. Same data as for holotype. ‘Four 
apterous viviparae and forty-four alate viviparae, Umiat, Alaska, July 21, 1959. 
(J. E. H. Martin) on Alnus sp. Thirty-eight alate viviparae, Umiat, Alaska, July 
22, 1959 (J. E. H. Martin) on Alnus sp. Twenty-three alate viviparae, Atlin, 
B.C. June 26, 1955 (H. Huckel), on Alnus sp. Two alate viviparae, Cartwright, 
Labrador, July 13, 1955 (E. F. Cashman). Six alate viviparae, Indian House 
Lake, Quebec, July 11, 1954 (W. R. Richards) on Alnus sp. 

Comments.—T his species is very similar to the European species B. depressa 
Bramstedt, from which it can be distinguished by having eight or more capitate 
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setae on the eighth abdominal tergite. In depressa there are only six such setae 
on the eighth tergite (Bramstedt, 1940, Fig. 2). The alatae of depressa have not 
been described. 


Key to North American species of Betulaphis Glendenning 


1. Hind tibia in apterae more than 0.6 mm. long 2 


Hind tibia not more than 0.6 mm. long aureus new species 
2. In apterae the lateral prothoracic setae shorter than the basal diameter of antennal 
eco Ill; abdomen in alatae without capitate setae on tergites 
arctosetis new species 
In apterae lateral prothoracic setae distinctly longer than the basal diameter of the 
third antennal segment; abdomen in alatae with some capitate setae on tergites 
VI-VIlI quadrituberculata (Kalt.) 


¥ 


Betulaphis aureus, new species 
Apterous Viviparous Female.— Colour in life: Bright yellow, apices of an- 
tennae and whole of tarsi dark. Colour when macerated: Fssentially as when 
alive in regard to light and dark areas. 


Morphology: Frontal tubercles poorly developed. Median tubercle poorly 
developed, area occupied by two capitate setae that are about three times as 
long as the basal diameter of antennal segment III. Disc of head smooth, setae 
mostly short, sometimes pointed or nearly so, less than one-half the basal diam- 
eter of antennal segment III. Anterior margin of disc of head with two pairs of 
setae that are on prominent papillae and are slightly more than twice the basal 
diameter of antennal segment III (Fig. 5). Rostrum reaching beyond first coxae, 
apical segment 0.075—0.08 mm. an with one to three setae in addition to the 
usual two or three e apical pairs and minute basal pair. Antennae without second- 
ary sensoria. Antennal setae pointed or nearly so, the longest ones slightly longer 
than the basal diameter of antennal segment Il. Lengths of antennal segments: 
III, 0.276—0.3 mm.; IV, 0.15—0.175 mm.; V, 0.1—0.15 mm.; VI, 0.075 + 0.03— 
0.07 mm. Median prothoracic setae short, about the same size and shape as those 
on disc of head; lateral prothoracic setae longer and more strongly capitate (Fig. 
5). Setae on dorsum of meso- and metathorax similar in size and shape to those 
on prothorax. Lateral meso- and metathoracic setae strongly capitate and about 
as long as the basal diameter of segment III. Setae on legs ‘mostly pointed, some- 
times blunt or distinctly capitate on femora and dorsal surfaces of tibiae. Tibiae 
with spicules on apical halves. Length of hind tibiae 0.5—0.575 mm. First 
tarsal segments each with four or five ventral setae, without dorsal setae. Second 
segment of hind tarsus 0.1 mm. long. Arolia diverging flabellate, membranous. 
Setae on abdominal terga I-VI arranged in four longitudinal rows, the setae in 
the median rows much more slender and shorter than lateral setae. Lateral setae 
on abdominal segments I-VI slightly longer than those on meso- and metathorax. 
Abdominal tergum VII with four or five strongly capitate setae that are slightly 
longer than those on front of head and the anterior discal setae (Fig. 6). Cor- 
nicle short, with a well developed flange. Cauda short, triangular, spiculose, 
with pointed setae. Anal plate indented, spiculose, with pointed setae. Ab- 
dominal terga mostly smooth, except for VII and VIII and edges of other terga. 
Venter of abdomen with spiculose imbrications and a single irregular row of 
pointed setae on each segment. Length when mounted 0.8 mm. 


Oviparous Female.— Colour when alive and when macerated: Essentially as 
apterous viviparous female. 


Morphology: Apterous. Lengths of antennal segments: III, 0.275—0.3 mm.,; 
LV, 0.11—0.12 mm.; V, 0.08—0.12 mm.; VI, 0.075—0.08 mm. + 0.075 mm. Hind 
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tibia 0.575 mm. long with four to six circular sensoria on basal half. First tarsal 
segments each with five ventral setae, without dorsal setae. Dorsal chaetotaxy 
similar to that of viviparous female, but setae are more weakly capitate, those on 
abdominal terga V—VIII very long and slender. Anal plate rounded. Length 
1.7 mm. when mounted. Otherwise essentially as in viviparous female. 


Holotype.— Apterous viviparous female, Golden Lake, Ont., September 15, 
1956 (W. R. Richards) on Betula sp. No. 7381 in Canadian National Collection. 
Paratypes: Nine apterous viviparous females and one oviparous female. Same 
data as for holotype. One apterous viviparous female, Seneca S. C., August 24, 
1957 (W. R. Richards) on Betula sp. One apterous viviparous female, Terrace 
B.C. July 12, 1960 (W. R. Richards) on Betula sp. One apterous viviparous 
fema'e Edmonton, Alta., July 3, 1960 (W. R. Richards) on Betula sp. 


Comments.— The short hind tibiae readily distinguish this species from 
others. 
Betulaphis arctosetis, new species 
Apterous Viviparous Female— Colour when alive: Bright yellow, but tarsi 
and apices of antennae light to dark fuscous. Colour when macerated: Largely 
colourless, darker areas essentially as when alive. 


Morphology: Frontal tubercle undeveloped, smooth. Median tubercle un- 
developed, with two strongly capitate setae, each of which is about twice the 
basal diameter of antennal segment III. Disc of head sometimes faintly rugulose, 
with two pairs of strongly capitate setae near anterior margin (Fig. 7); other 
discal setae minute, blunt or slightly capitate, about one-fourth the basal diameter 


of antennal segment III. Antennal setae mostly blunt or w eakly capitate, the 
longest ones about one and half times as long as those on disc of head. Antennal 
segments III—VI with well developed imbrications. Length of antennal seg- 
ments: III, 0.3—0.325 mm.; IV, 0.15 mm.; V, 0.1—0.125 mm.; VI, 0.05—0.1 mm. 
+ 0.07—0.075 mm. Rostrum reaching to just bey ond front coxae; apical seg- 
ment 0.075 mm. long, with up to four setae in addition to the usual two or three 
apical pairs and minute basal pair. Setae on dorsum of thorax similar to those on 
disc of head. Femoral and dorsal tibial setae mostly capitate; ventral and apical 
tibial setae mostly pointed. Tibiae with scattered spicules on apical halves. 
Apical, tibial rastral setae undev eloped. Hind tibia 0.65—0.75 mm. long. First 
tarsal segments each with five ventral setae. Hind tarsus 0.1—0.125 mm. long. 
Apical tarsal segments with strongly spiculose intbrications, and strongly flabel- 
late membranous arolia. Abdominal ter rga I—V with six longitudinal rows of 
blunt, or weakly capitate setae about as long as those on disc of head. Abdom- 
inal tergum VI ‘with four to six capitate setae which vary in length.,; tergum VII 
with five or six setae; tergum VIII with six capitate setae ‘that are about as long as 
twice the basal diameter of antennal segment III. Lateral setae on abdominal 
segment I—III strongly capitate, about twice the length as dorsal setae; those on 
segments IV—VI as long as the basal diameter of antennal segment III. Minute 
lateral abdominal tubercles sometimes present. Abdominal terga I-VI smooth 
except for weak, spiculose imbrications near margins, terga VII—VIII with 
spiculose imbrications. Venter of abdomen with spiculose imbrications and a 
single, irregular, transverse row of pointed setae on each segment. Cauda tri- 
angular, with pointed setae and strongly spiculose. Anal plate indented, 
spiculose, with slender, curved, pointed setae. Up to 2.5 mm. in length when 
mounted. 


Alate Viviparous Female.— Colour in life: Largely bright yellow, tarsi, lateral 
sclerites, dorsum of pterothorax and veins of wings light fuscous; one specimen 
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with an irregular black, sclerotic patch on dorsum of abdomen. Colour when 
macerated: Essentially as when alive, but yellow areas largely colourless. 

Morphology: Frontal tubercles diverging, with pointed setae. Disc of head 
with pointed setae of which the shortest is about equal to the basal diameter of 
antennal segment III; the anterior pairs of discal setae are on slightly developed 
tubercles. Antennal setae pointed, the longest about equal to one- half the basal 
diameter of antennal segment III. Lengths of antennal segments: III, 0.65—0.7 
mm.; IV, 0.15—0.3 mm.; V, 0.225—0.25 mm.; VI, 0.120—0.125 mm. + 0.1 mm. 
Antennal segment III w ith 18-20 sensoria extending a straight line for nearly the 
whole length the segment, each sensorium with very strongly ciliated margins. 
Rostrum reaching j just beyond the first coxae; apical segment 0. 075 mm. long, with 
four setae in addition to the usual three apical pairs and minute basal pair. _ Pro- 
thorax with pointed setae dorsally, the median six about as long as the shortest 
ones on disc of head, the lateral ones slightly longer. Venation of wings normal. 
Legs with pointed setae, the longest ones on tibise about one and one-half as 
long as the apical diameter of hind tibia. Tibiae with distinct spicules on apical 
halves and each with an apical rastral organ consisting of four or five stout, spine- 
like setae. Length of hind tibia 1—1.1 mm. First tarsal segments each with five 
ventral setae, sometimes with a few spicules and one or two dorsal setae. Hind 
tarsus 0.12 mm. long. Setae on abdominal terga arranged in six longitudinal 
rows on segments I-V. Dorsum of abdomen without capitate setae. Minute 
lateral tubercles sometimes present on abdomen. Lateral setae on segments I—VI 
on distinct tubercles. Cauda short, triangular, with pointed setae, strongly 
spiculose. Anal plate deeply indented, spiculose, with pointed setae. Cornicle 
short, with a poorly developed flange. Length 2.5 mm. when mounted. 

Holotype.— Apterous viviparous female, Frobisher Bay, Baffin Island, August 
11, 1959 (W. R. Richards) on Betula glandulosa Michx. No. 7382 in Canadian 
National Collection. Paratypes: Eighteen apterous viviparous females and two 
alate viviparous females. Same data as for holotype. 

Comments.— This species closely resembles B. pelei H. R. L. described from 
Greenland (Hille Ris Lambers, 1952). The two species can be distinguished by 
the distribution of the sensoria on the third antennal segment in the alatae. In 
pelei there are 7—12 secondary sensoria on the basal two-thirds of the third an- 
tennal segment, whereas there are 18—20 in arctosetis which extend for nearly 
the whole length of the antennal segment. In the apterae the dorsal setae are 
described as being one-half to three-fifths the basal diameter of the third anten- 

nal segment in pelei, whereas they are never quite half the basal diameter of an- 
tennal segment III in arctosetis except on the three caudal segments. This species 
is also somewhat similar to the short-haired form of quadrituberculata from which 
it can be distinguished by the fact that the lateral prothoracic setae in arctosetis 
are about the same length as the median, dorsal prothoracic setae. In the quad- 
rituberculata the lateral prothoracic setae remain long even when the median 
dorsal ones are very short. 


Betulaphis quadrituberculata (Kalt.) 


1843 Kaltenbach, J. H. Monographie der Familien Pflanzenlduse: 134-135. Aphis quadri- 
tuberculata. 

1912 Goot, P. v. d. Tijdschr. Ent. 55: 83-89 Pterocallis mivinus. 

1913 Goot, P. v. d. Ibid. 56: 118, 119 Callipterus minimus, Subcallipterus minimus. 

1926 Glendenning, R. Canad. Ent. 58: 96-97. Betulaphis occidentalis. 

1952 Borner, C. Mitt. Thuring. Bot. Geo. 3: 57-58. Betulaphis quadrituberculata. 

1953 Cottier, W. Bull. N.Z. Dy. Sci. Indust. Res. 106: 105-109. Betulaphis quadrituberculata. 

1954 Quednau, W. Mitt. biol. ZenAnst. 78: 23. Betulaphis quadrituberculata. 

1955 Hille Ris Lambers, D. The Zoology Iceland 3: 18. Betulaphis quadrituberculata. 
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Betulaphis aureus 


Betulaphis arctosetis 
Figs. 5-6. Apterous viviparous female. Figs. 7-8. Apterous viviparous female. 


Apterous Viviparous Female.— Colour in life: Not observed. Colour when 
macerated: Essentially as in aureus. 

Morphology: Frontal tubercles poorly developed with two strongly capitate 
setae, each of which is slightly more than twice as long as the basal diameter of 
antennal segment III. Disc of head smooth, with distinctly Capitate setae, the 
two anterior pairs on distinctly integumentary papillae, and each about as long 
as the frontal pair; other discal setae shorter, from three-fourths to one and one- 
half the basal diameter of antennal segment III. Lengths of antennal segments: 
III, 0.35 mm.; IV, 0.19 mm.; V, 0.15 mm.; VI, 0.1 mm. + 0.075 mm. Rostrum 
reaching just beyond the front coxae; apical segment 0.1 mm. long, with up to 
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two setae in addition to the usual three apical pairs and minute basal pair. Dor- 
sum of prothorax with distinctly capitate setae, all of which are about the same 
length as those on disc of head. Setae on dorsa of meso- and metathorax similar 
in size and shape to those on prothorax. Lateral meso- and methathoracic setae 
equal to the basal diameter of antennal segment III. Femora and dorsal surfaces 
of tibiae with blunt or slightly capitate setae, except for pointed ones on apical 
portions of tibiae. Venters of tibiae with pointed setae. Length of hind tibia 
0.7 mm. Apical halves of tibiae with scattered spicules. First tarsal segments 
with five setae ventrally, without dorsal setae. Apical tarsal segments with 
spiculose imbrications and diverging, flabellate, membranous arolia. Second 
segment of hind tarsus 0.1 mm. long. Setae on abdominal terga I—V in six long- 
itudinal rows, variable in length, the median dorsal ones shorter than those situ- 
ated more laterally. Abdominal tergum VIII with six capitate setae of which 
the longest is more than twice the basal diameter of antennal segment III. La- 
teral abdominal setae all capitate and all about twice the basal diameter of anten- 
nal segment III. Dorsum of abdomen largely smooth, but with spiculose imbri- 
cations near margins of segments and dorsally on terga VI—VIII. Venter of ab- 
domen with spiculose imbrications and an irregular, transverse row of pointed 
setae on each segment. Cornicle with a well dev eloped flange. Cauda triangu- 
lar, spiculose, with pointed setae. Anal plate indented, spiculose, with pointed 
setae. Length 1.8 mm. when mounted. 

Alate Viviparous Female. Colour in life: Not observed: Colour when 
macerated: Essentially as in the alate of arctosetis, but abdomen, in specimen 
examined, without a dorsal, pigmented patch 


Morphology: Frontal and anterior discal setae on papillae and longer than 


other discal setae. Antennal setae pointed, those on segments I and II equal to 
basal diameter of. antennal segment III; setae elsewhere on antennae shorter than 
basal diameter of antennal segment III. Third antennal segment with 15—17 
secondary sensoria; each sensorium with strongly ciliate margins. Lengths of 
antennal segments: III, 0.05—0.1575 mm.; IV, 0.25—0.3 mm.; V, 0.2—0.225 mm.; 

VI, 0.1 mm.—0.1 mm. Rostrum reaching slightly beyond front coxae; apical 
segment 0.1 mm. long, with one or two setae in addition to the usual two or three 
apical pairs and minute basal pair. Prothorax with pointed setae that are as 
long or slightly longer than those on disc of head. Venation of wings normal. 
Femoral and tibial setae pointed, tibiae with spicules on apical halves, and each 
with an apical rastral organ consisting of four or five short, spine-like setae. 
Length of hind tibiae 0.9—0.95 mm. First tarsal segments each with six or seven 
setae ventrally. Arolia strongly flabellate, membranous. Second segment of 
hind tarsus 0.125 mm. long. Setae on abdominal terga I—V arranged in six long- 
itudinal rows arranged four or five longitudinal rows on terga V—VIII. Lateral 
setae on posterior segments, and some setae on tergites V—VIII distinctly, but 
weakly capitate. Dorsum of abdomen smooth, except for terga VII and VIII 
which have spiculose imbrications. Venter of abdomen with spiculose imbri- 
cations and one irregular, transverse row of pointed setae on each segment. 
Cauda triangular, spiculose, with pointed setae. Anal plate indented, spiculose, 
with pointed setae. Length 2—2.5 mm. when mounted. 


Comments.— This species is evidently rare in North America and is known 
only from the type series of Betulaphis occidentalis Glendenning, which was 
collected at Chilliwack, B.C. The cotypes of B. occidentalis were compared 
with specimens of Betulaphis quadrituberculata from England and no means of 
distinguishing the two collections could be found. 
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A New Genus and Species of Chalcid 
(Hymenoptera: Encyrtidae ) 


By C. D. F. Mrver 


Entomology Research Institute, Research Branch 
Canada Department of Agriculture, Ottawa, Canada 


In July, 1959 I reared a polyembryonic encyrtid from a species of Lithocol- 
letis attacking Alnus crispa (Ait.) Pursh in the lake region around Ohio, Nova 
Scotia. It represents a species and genus new to science. 


Gibberella, new genus 

Type species: ee. scutellata Miller, new species. 

Female (Figs. 1, 2, 5, 7, 8, 9). —Head ovate, slightly longer than wide, trun- 

cate ventrally; _ whet between lateral ocellus and the compound eye equal to 

2X the distance between the lateral ocelli; malar space almost 4 the length of 
the compound eye; antennal scape, broad, flat and keel-shaped; funicle with 
white segments; club, undivided and equal to the last three funiculars; mandibles 
tridentate; maxillary palps four segmented; labial palps three segmented. 

Thorax.—Scutellum, heavily striate, having a velvety appearance, in lateral 
aspect strongly convex, protruding well above the mesoscutum, its disk bearing 
a number of strong setose hairs; wings hyaline, marginal vein longer than wide. 

Abdome n.—Subtriangular, as long as thorax; ovipositor slightly exserted be- 
yond the abdominal tip. ; 
' Male (Figs. 4, 6).—Differs from the female only in the antennal and genitalic 
structures. 7 

Comments: This polyembryonic genus differs from the closely allied genus 
Ageniaspis Dahlbom represented in North America by the one species Ageniaspis 
bucculatricis (Howard) in that the antennal scape is ‘broad, flat and keel- -shaped. 
In addition, the scutellum is strongly convex and bears a number of large, setace- 
ous hairs giving the entire thorax a humpback look in lateral aspect. 
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Figs. 1-9. Illustrations showing structural characteristics of Gibberella scutellata Miller. 
1, Dorsal aspect of female. 2, Lateral aspect of female. 3, Dorsal aspect of inflated host 
larva. 4, Dorsal aspect of male genitalia. 5 and 6, Lateral aspects of female and male 
antennae. 7, Dorsal aspect of 7 sensilla of forewing of female. 8 and 9, Dorsal aspect 


of right fore and hind wings of female. 
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Gibberella scutellata, new species 

Female.—Length 1.10 mm., width .30 mm. Color, black with bluish re- 
flections, the first, fourth, fifth and sixth funiculars, proximal portions of the 
femora, distal portions of the pro- and mesotibiae and the pro- and mesotarsi, 
white. Structure, head ovate, longer than wide, truncate ventrally; distance be- 
tween compound eyes 3 the head width; distance between lateral ocellus and 
compound eye 2X ‘the distance between the lateral ocelli; malar space ¥ the 
length of the compound eye; malar suture well dev eloped; compound eyes asym- 
metrically ovate almost touching the posterior margin of the head, cov ‘ered with 
short, inconspicuous, erect w hite hairs; mandible tridentate; maxillary palp four 
segmented; labial palp three segmented; antennal scape broadened medially and 
keel- -shaped, a little longer than the pedicel and first three funicular segments 
combined; pedicel pyriform, as long as the first two funicular segments com- 
bined; ring segment small and inconspicuous; funicle six segmented, each funicle 
slightly longer and broader than the previous one, the last about three times 
larger than the first; club one segmented, slightly shorter than the last three 
funicular segments combined. 

Thorax.—Mesonotum 1/3 wider than long, as long as the scutellum, reticulate, 
covered with prominent white, suberect, widely separated hairs; scutellum heavily 
striated and velvety looking bearing long, stout suberect, setaceous hairs. 

Abdomen.—1% times as long as the thorax, subtriangular in shape; tergites 
nine and ten fused into a large triangular plate taking up almost the posterior 
half of the abdominal dorsum; pygostyles bear three elongate and two short 
setaceous hairs; ovipositor slightly exserted beyond the apex. 

Male.—Same as the female except for the genitalia and antennae which are 
illustrated in Figs. 4 and 6. 

Holotype.—Female, Tusket, N.S., collected 18.VII,59, emerged 30.VII.59 
C. D. Miller #210, reared from Lithocolletis sp. on Alnus crispa (Ait.) Pursh; 
type number 7418, Canadian National Collection. 

Allotype.—Male, Tusket, N.S., collected 18.VII.59, emerged 30.VII.59, C. 
D. Miller #210, reared from Lithocolletis sp. on Alnus crispa (Ait.) Pursh. 

Paratypes.—Females, Males, from Nova Scotia: Digby Co., Smith’s Cove; 
Queens Co., White Point Beach; Yarmouth Co., Deerfield, Hebron, Tusket, 
Yarmouth. Ontario: Carleton Co., Ottawa; Norfolk Co., Normandale, Simcoe, 
St. Williams; Welland Co., Port Colborne. 

Hosts.—This species has been reared from the following: Lithocolletis spp. 
attacking Alnus crispa (Ait.) Pursh, Carya sp., Corylus sp., Fagus sp., Hamamelis 
sp., Prunus sp., Lithocolletis lucetiella Clem. on Tilia americana L. and Lithocol- 
letis caryaefoliella Clem. on Carya ovata (Mill.) K. Koch. 


Notes on Life History 

The species is polyembryonic, typically inflating the last instar of the host, 
Fig. 3. It produces broods ‘of six to ten adults many of which contain both 
males and females indicating that more than one egg is often present. 

The specimens from Nova Scotia emerged in late July and early August. 
Those from southwestern Ontario emerged from late July through to early 
September. Some which were collected in Ontario in September emerged in 
early February in the laboratory, indicating that this species has two flight 
periods per year in that area, one in the spring, the other middle to late summer. 


(Received February 17, 1961) 
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